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ACRONYMS AND ABBREVIATIONS

DOE U.S. Department of Energy 
DVRFS Death Valley Regional Flow System 

HFM Hydrogeologic Framework Model 

kg/s kilogram per second 
kmn2 square kilometer(s) 

KTI key technical issue 

m meter(s) 
m3/day cubic meters per day 

NRC U.S. Nuclear Regulatory Commission 

SZ saturated zone 

USFIC Unsaturated and Saturated Flow Under Isothermal Conditions 

USGS U.S. Geological Survey 
UTM Universal Transverse Mercator 
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1. BACKGROUND

This report, presents part of the technical basis for closure of the key technical issue (KTI) 

agreement: Unsaturated and Saturated Flow Under Isothermal Conditions Subissue 5 Agreement 

9 (USFIC 5.09). This report discusses the use of the revised regional flow model in future site

scale model calculations. It accompanies A Three-Dimensional Numerical Model of 

Predevelopment Conditions in the Death Valley Regional Ground-Water Flow System, Nevada 

and California (D'Agnese et al. 2002) and Calibration of the Site-Scale Saturated Zone Flow 

Model (BSC 2001a).  

The interest in the revised regional and site-scale models described in these reports originated 

with requests by the U.S. Nuclear Regulatory Commission (NRC) under USFIC Subissue 5 

(Saturated Zone Ambient Flow Conditions and Dilution Processes). Specifically, the U.S.  

Department of Energy (DOE) agreed to provide the NRC with updated information on both the 

regional and site-scale models. In an October 31 through November 2, 2000, technical exchange 

(Reamer and Williams 2000), the request addressed by this report was formalized in an 

NRC/DOE agreement.  

2. APPLICABLE NUCLEAR SAFETY STANDARDS, REQUIREMENTS, AND 
GUIDANCE 

2.1 APPLICABLE REQUIREMENTS 

The Yucca Mountain disposal regulations include requirements for evaluating postclosure 

performance of the proposed repository, including multiple barriers (10 CFR 63.113), and a 

description of the capabilities of the natural and engineered barriers (10 CFR 63.115).  

Information from the regional-scale and site-scale models presented in this report provides 

further description of the characterization of the saturated zone (SZ) barrier, which is part of the 

multiple barrier system.  

2.2 KTI AGREEMENTS 

This report addresses the following KTI agreement: 

USFIC 5.09: Provide additional information in an updated AMR [analysis/model 

report] or other document for both the regional and site-scale model (for example, 

grid construction, horizontal and vertical view of the model grid, boundary 

conditions, input data sets, model output, and the process of model calibration).  

The updated USGS Regional Groundwater Flow Model is a USGS product, not a 

Yucca Mountain Site Characterization Project product. It is anticipated that this 

document will be available in September 2001. The DOE believes that the 

requested information is now available in the current version of the Calibration of 

the Site-Scale Saturated Zone Flow Model AMR and will be carried forward in 

future AMR revisions.  

Per the wording of the agreement, the requested information pertains to the regional and 

site scale models. This agreement is being addressed with the submission of three documents.  

The request for updated regional information is addressed with the submission of 
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A Three-Dimensional Numerical Model of Predevelopment Conditions in the Death Valley 

Regional Ground-Water Flow System, Nevada and California (D'Agnese et al. 2002). The 

request for site-scale model information is addressed with the submission of Calibration of the 

Site-Scale Saturated Zone Flow Model (BSC 2001a). This report provides a discussion of the 

updated regional model and describes how the updated information in the model will be used in 

future site-scale model calculations.  

2.3 STATUS OF AGREEMENTS 

The three documents described above fully address the agreement and, pending the NRC review 

and acceptance, the agreement should be closed.  

3. THE USE OF DVRFS RESULTS IN THE SITE-SCALE FLOW AND TRANSPORT 
CALCULATIONS 

3.1 INTRODUCTION 

The Death Valley regional flow system (DVRFS) is a model developed by the U.S. Geological 

Survey (USGS) that comprises about 80,000 km2 and includes natural groundwater divides and 

discharge areas. The Yucca Mountain site-scale flow and transport model comprises a small 

portion of the area of the larger model. The relationship of the two models is shown in Figure 1.  

Also shown in Figure 1 are the boundaries of the 1997 DVRFS model (labeled as the 

Regional-Scale Flow and Transport Model), the predecessor of the 2001 DVRFS model. This 

report discusses the use of the 2001 DVRFS model in future site-scale model calculations.  

Because of the size of the regional system and the fact that the regional model incorporates the 

discharge zones as well as the groundwater divides, the fluxes are expected to be accurate. This 

is due to more accurate specification of model boundary fluxes. Since the site-scale model does 

not have discharge areas and uses fixed-head boundary conditions, fluxes from the regional 

model are useful to constrain flow at the site scale. Ideally, the predicted regional-model fluxes 

and spatially integrated site-scale model fluxes would match at the site-scale model boundaries.  

The study of numerical representations of different conceptual models has yielded some useful 

insights about regional-scale flux data. Model runs both with the total system performance 

assessment for site recommendation model (BSC 2001b) and the various conceptualizations of 

the large hydraulic gradient (Zyvoloski et al. 2002) have revealed a pervasive upward gradient 

from the regional carbonate aquifer to the overlying volcanic aquifer. Recent Nye County wells 

also support these findings (Nye County 2001). The results of particle tracking simulations 

indicate that, in the model, fluid particles leaving the proposed repository region will not enter 

the carbonate aquifer (Zyvoloski et al. 2002). This evidence, in turn, supports the theory that the 

shallower volcanic and alluvial aquifers near Yucca Mountain, depicted in the site-scale model, 

are the aquifers most likely to carry radionuclides and are independent of the regional carbonate 

aquifer. Therefore, the local site-scale volcanic aquifers are little influenced by fluxes in the 

regional model. Further south along the predicted transport path lines, according to the site-scale 
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Figure 1. Death Valley Regional Groundwater Flow System and Associated Model Boundaries 

model, the fluid flow transitions from the volcanic aquifers to the alluvium. At this location, 
model results indicate a somewhat stronger influence of lateral boundary fluxes from the 
regional model. The influence of boundary fluxes and, therefore, regional-model results can be 
important to the position of the path lines and how much alluvial material they encounter. This 
result, in turn, affects repository performance with regard to length of time for the release of 
radionuclides to the human receptor.  

This report describes the association between the regional and site-scale models. Use of 
regional-model results for calibration of the site-scale model and limitations encountered are 
reviewed. Opportunities for using updated information from the regional model in future 
site-scale model calculations and limitations of regional-model results are discussed, and a 
preliminary analysis of regional-model fluxes is included to demonstrate potential 
regional-model applications for the site-scale model.  
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3.2 APPLICATIONS OF THE 1997 USGS DVRFS GROUNDWATER FLOW MODEL 

The site-scale flow and transport model described in Calibration of the Site-Scale Saturated 
Zone Flow Model (BSC 2001a) used 8 values of fluxes from the 1997 DVRFS model (D'Agnese 
et al. 1997) as targets during the calibration process. The fluxes used were along the northern 
and eastern boundaries of the site-scale model and are shown in Figure 2. Fluxes into the 
western boundary were not used due to uncertainty in the geologic framework model in that area, 
and fluxes through the southern boundary were not used because this would over-constrain the 
model. In areas of the site-scale model domain where water-level measurements were sparse, 
more weight in the calibration was necessarily given to the flux targets. As shown in Figure 2, 
the fluxes derived from the 1997 DVRFS model were subdivided on each side. The values of the 
flux targets and the results of the site-scale flow and transport model are shown in Table 1.

535000 540CO 545= 550000 5 ,5000 

UTM-X (Myizrsi

Figure 2. Flux Zones Used for Comparing Regional and Site Scale Fluxes 
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In the north, many aspects of the system, including geology and heads, are uncertain. A 

reasonable match between the total 1997 DVRFS model flux across the northern boundary and 

the fluxes calculated from the calibrated site-scale model was obtained. The 1997 DVRFS 

model predicted a total flux of about -189 kg/s into the northern boundary of the site-scale 

model, and the calibrated site-scale model calculated about -169 kg/s into the northern boundary.  

Comparison of flux values for the four zones along the northern boundary in Table 1 shows that 

spatially distributed or unit-by-unit matches were not found. The mismatch in fluxes can be 

attributed to differences in vertical grid resolution, representation of cell permeabilities, and 

differences in hydrogeologic framework models.  

A good match was obtained in the east because the flow was dominated by the properties of a 

thrust zone. The 1997 DVRFS model flux through zone El was about -555 kg/s into the 

site-scale model. The calibrated site-scale model calculated a flux of about -554 kg/s through 

this zone. This match occurred because the behavior of the thrust zone was determined by a 

single parameter, which was permeability of the thrust zone. There were no wells in this area to 

provide head calibration targets; thus, significant weight was given to the flux from the 1997 

DVRFS model.  

Table 1. Comparison of Regional and Site-Scale Fluxes

Regional Flux 
(kgls) 
-101 
-16.5 
-53.0 
-18.4 
3.45 
-71 
-6.9 
2.73 

-47.0 
-555 
-5.46 
2.65 

-3.07 
918

Site-Scale Flux 
(kg's) 
-60.0 
-33A 
-30.6 
-44.8 
4.17 

--0.00719 

-0.0000078 
-0.0000223 

-6.85 
-554 
3.53 
16.5 
16.8 
724

Source: BSC (2001a).  

NOTES: 1. A negative value indicates flow into the model.  

2. Information in the last column indicates whether the regional-model 
flux for a zone was used as a calibration target for the site-scale 
model.  

3. Some numbers in this table were rounded to three significant 
figures compared to those reported in the source document.

The Use of Death Valley Regional Flow System Results 

in the Site-Scale Flow and Transport Calculations September 2002

Boundary 
Zone 

N1 
N2 
N3 
N4 
WI 
W2 
W3 
W4 
W5 
El 
E2 
E3 
E4 
S

Calibration 
Target 

Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 
No
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Two factors limited the applicability of the 1997 DVRFS model results to site-scale flow model 

analyses: 

1. The 1997 DVRFS model lacked adequate vertical resolution having only three layers 

in the vertical direction. Differences in vertical resolution make permeability 

comparisons difficult.  

2. The 1997 DVRFS model used a concept of permeability classes and did not explicitly 

relate these classes to permeabilities of the hydrogeologic units, thus making 

comparisons of calibrated permeabilities between the two models unfeasible.  

3.3 APPLICATIONS OF THE 2001 USGS DVRFS GROUNDWATER FLOW MODEL 

The use of the 2001 DVRFS model (D'Agnese et al. 2002) presents an improvement over the use 

of the 1997 DVRFS fluxes because the calibration parameters in the 2001 model are the 

permeabilities. Therefore, information on fluxes can be viewed not only spatially but also on a 

unit-by-unit basis. As discussed previously, an important distinction can be made between the 

fluxes in the regional carbonate aquifers and fluxes in the more local volcanic aquifers. Despite 

the numerous improvements in the 2001 DVRFS model, some limitations to the applicability to 

the site-scale flow model remain: 

" The 2001 DVRFS model has more vertical layers (15) than the 1997 model but still 

considerably less than the site-scale model, which uses 40 vertical layers. Differences 

in vertical resolution between the regional and site-scale models limit the comparison 

of calibrated permeabilities for the hydrogeologic units.  

"* The 2001 DVRFS model is based on a different hydrogeologic framework model than 

the current site-scale model. A comparison of the regional and site-scale models 

should include comparison of calibrated values of permeabilities of hydrogeologic 

units. Differences in the spatial definition of hydrogeologic units make comparison 

problematic.  

" The 2001 DVRFS model uses the Hydrogeologic Unit Flow package (Anderman and 

Hill 2000) to calculate cell permeabilities in the coordinate directions. This package 

makes the permeability in a cell difficult to obtain.  

Within the bounds of these limitations, uses for the 2001 DVRFS model are: 

"* Analysis of flux data from the DVRFS and comparison to data from the site-scale 

model 

"* Development of a better understanding of the relationship between the fluid flow path 

and lateral boundary flux, especially in the southeastern part of the site model 

"* Comparison of permeabilities estimated for both models 

"* Calculation of sensitivity to permeability of fluxes in both the regional and site-scale 

models.  
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3.4 2001 DVRFS MODEL FLUXES THROUGH SITE-SCALE MODEL BOUNDARIES 

This section provides a preliminary analysis of flux data from the 2001 DVRFS model. Fluxes 

through the boundaries of the site-scale model predicted by the 2001 DVRFS model were 

extracted from the 2001 DVRFS model output files and are presented in this section. These 

fluxes are from a version of the regional-scale model dated September 28, 2001. Before 

providing the fluxes, the interface between the 2001 DVRFS model and the current site-scale 

model is discussed.  

3.4.1 Location of the Site-Scale Model in the Regional Grid 

In MODFLOW 2000 (Harbaugh et al. 2000), model cell rows and columns are numbered such 

that row numbers increase to the south and column numbers increase to the east. The cell faces 

from the 2001 DVRFS model closest to the boundaries of the site-scale model follow: 

West boundary: east (right) face of column 64, from row 86 to row 115 

East boundary: east (right) face of column 84, from row 86 to row 115 

North boundary: south (front) face of row 85, from column 65 to column 84 

South boundary: south (front) face of row 115, from column 65 to column 84.  

Site-scale model boundary coordinates with respect to the Universal Transverse Mercator (UTM) 

grid follow: 

The X UTM coordinate of the west boundary is 533,000 m east.  

The X UTM coordinate of the east boundary is 563,000 m east.  

The Y UTM coordinate of the south boundary is 4,046,500 m north.  

The Y UTM coordinate of the north boundary is 4,091,500 m north.  

These boundaries are shifted 340 m west and 280 m south relative to the boundaries of the 

site-scale model used for site recommendation.  

3.4.2 Total Lateral Fluxes for the Site-Scale Domain 

Preliminary cell-by-cell flux values were extracted from the 2001 DVRFS model output files 

along the above boundaries. These flux values in units of m3/day are shown in Tables 2 

through 5. In these tables, negative values indicate flux into the site-scale domain.  

These cell-by-cell flux values are summed to provide the total lateral flux for each boundary.  

Total fluxes are shown in Table 6. Summing these total lateral fluxes shows that there is a net 

outward flux of 6419 m3/day across the lateral boundaries. This is equal to the amount of 

recharge applied to the upper surface of this model within these boundaries. Recharge for the 

site-scale model is provided by a detailed recharge model (BSC 2001a). A value of 6420 m3/day 

for total recharge was extracted from the DVRFS model input files for this comparison. Table 6 

shows that the total outflowacross lateral boundaries is 58,054 m3/day. Flux values in m3/day 

from Table 6 can be converted to flux values in units of kg/s for comparison with the 1997 

DVRFS model and site-scale model results in Table 1 by multiplying the net flux values in Table 

6 by 0.01157. Using this conversion factor, the flux from the 2001 DVRFS model into the 

northern boundary of the site-scale model is about -271 kg/s as compared to a value of about 
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189 kg/s from the 1997 DVRFS model and about -169 kg/s calculated from the calibrated 

site-scale model. The flux from the 2001 regional model into the eastern boundary of the 

site-scale model is about -209 kg/s, compared to a value of about -561 kg/s from the 1997 

DVRFS model and about -517 kg/s calculated from the calibrated site-scale model. For the two 

boundaries used for calibration, the 2001 DVRFS model produced a flux for the northern 

boundary that is 161 percent of the flux value calculated from the calibrated site-scale model and 

a flux for the eastern boundary that is 40 percent of the flux value calculated from the calibrated 

site-scale model.  
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Table 2. Flux Values for Site-Scale Model West Boundary (Column 64) 

Row Number 

Layer 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109110 111 112 113 114 115 

1 -17 -37 -56 -81 0 0 -5 .5 -5 0 0 0 0 0 0 8 -14 -88 -138-159-220-351-19 0 -4 0 0 0 0 0

5.0 

00 

CD 

CD 

rL 

En 

CD, 

W'

14 0 0 0 

t• n r t'

-8 -6 -5 0 0 

0 -6 -40 0 

0 -12 -9 0 0 

0 0 0 0 0 

-3 -2 -2 0 0 

-3 -2 -1 0 0 

-3 -3 0 0 0 

-2 -3 0 0 0 

-2 -2 0 0 0 

-3 -3 0 0 0 

-4 0 0 0 0 

-4 0 0 0 0

0 -2 -3 0 0 0 0 0 

n -,A -1 n A A 0 0

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0

8 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0

-14 -52 -138 -159 -220 -320 0 

-11 -9 -138 -159 -221 -75 0 

-16 -40 -396 -452 -216 -119 0 

-27 -28 -66 -93 -75 -31 0 

-51 -25 -56 -75 -75 0 0 

-186 -25 -40 -56 -66 0 0 

13 -26 -40 -57 0 0 0 

0 -5 -4 -10 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

759

0 0 

0 0 

0 0 

0 0 

0 264 

0 337 

0 330 

111 325 

427 321 

659 478 

904 629 

1,128 763 

996 740

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,098 1 533

0 

0 

0 

249 

330 

337 

354 

381 

410 

672 

947 

1,204 

1,166 

1,331

10 U V U U 

NOTE: Cells are identified by model layer, row, and column number. Units are m3/day. Negative values indicate flux into the site-scale model domain. Values 

are rounded to nearest integer.

-17 -37 -56 -81 0 0 

-17 -37 -56 -81 0 0 

-34 -73 -111 -161 0 0 

-34 -73 -112 -161 0 0 

-34 -73 -113 -13 0 0 

-34 -74 -114 0 0 -1 

-33 -74 -114 0 0 -1 

-33 -75 -79 0 0 -1 

-33 -75 0 0 0 -1 

-49 -108 0 0 0 -2 

-1 0 0 0 0 -2 

0 0 0 0 -2 -3

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13



Table 3. Flux Values for Site-Scale Model North Boundary (Row 85)

CD, 

o -t 

CD 

In.  

0 

CD, 

0

Column Number 

Layer 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 

1 -94 -105 -114 -122 -130 -141 -152 -159 -158 -137 -87 -49 -21 1 93 81 26 -6 -43 -6 

2 -94 -105 -114 -122 -130 -141 -152 -159 -158 -137 -87 -49 -21 1 12 81 27 -5 -43 -3 

3 -94 -105 -114 -122 -130 -141 -152 -159 -158 -137 -87 -49 -21 1 12 81 27 0 -4 -3 

4 -189 -210 -228 -243 -259 -282 -303 -318 -316 -274 -174 -99 -43 1 24 5 42 0 -4 0 

5 -189 -210 -228 -243 -260 -282 -304 -318 -316 -274 -174 -99 -43 1 23 -6 -1 -2 0 0 

6 -189 -210 -228 -244 -260 -282 -304 -318 -316 -275 -174 -99 -43 1 23 -4 -3 0 0 0 

7 -190 -210 -228 -244 -260 -282 -304 -319 -314 -261 -157 -74 -46 0 22 -3 0 0 0 0 

8 -190 -211 -229 -245 -261 -282 -305 -248 0 0 0 0 0 0 18 -2 0 0 0 0 

9 -190 -211 -230 -245 -262 -282 -306 0 0 0 0 0 0 0 15 -1 0 0 0 0 

10 -191 -212 -230 -246 -262 -282 -306 0 0 0 0 0 0 0 0 0 0 0 0 0 

11 -288 -320 -347 -370 -395 -424 -58 0 0 0 0 0 0 0 0 0 0 0 0 0 

12 -11 -15 -19 -25 -32 -47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 

14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

NOTE: Cells are identified by model layer, row, and column number. Units are m3/day. Negative values indicate flux into the site-scale model domain. Values 

are rounded to nearest integer.

En 

51 

0 
0 t'



Table 4. Flux Values for Site-Scale Model East Boundary (Column 84)

5"< 

0 

CD 
W2

Row Number 

Layer 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109110 111 112 113 114 115 

1 -23-23 -20 -13 0 0 0 0 -13-70-60 -54 -52 -54 -56 -60 -65 -72-80 -26-17-18 0 0 0 -2 -5 -2 -1 -1 

2 -4 -10 -19 -6 0 0 0 0 0 -70 -60 -54 -52 -54 -56 -60 -65 -72 -69 -20 -17-18 0 0 0 0 -5 -2 -1 -1 

3 0 0 -3 -6 -2 0 00 0 -70 -60 -54 -52 -54 -56 -60 -65 -72 -42 -14 -17-18 0 0 0 0 -9 -2 -1 -1 

4 0 0 0 0 0 1 0 0 0 -73-120-108-105-107-113-120-130-143 -80 -28-34-36 0 0 0 0 0 -3 -3 -3 

5 0 0 0 0 0 1 0 0 0 0 -120-108-105-107-113-120-130-92-55 -28-34-35 0 0 0 0 0 -6 -3 -3 

6 0 0 0 0 0 0 0 0 0 0 -116 -108 -105 -107-113-120-130 -72 -23 -29 -34-35 0 0 0 0 0 -180 -3 -3 

7 0 0 0 0 0 0 0 0 0 0 -80 -108 -105-107-113-120-101 -48 -23 -29 -35-34 0 0 0 0 0 -195 -3 -3 

8 0 0 0 0 0 0 0 0 0 0 -80 -108-105-107-113-121 -68 -20-24 -30-35-34 0 0 0 0 -2 -193-124 -3 

9 0 0 0 0 0 0 0 0 0 0 -48 -108-105-107-113-85 -62 -21 -25 -31 -35-34 0 0 0 0 -14 -190 -173 -53 

10 0 0 0 0 0 0 0 0 0 0 0 -108 -105 -103 -80 -61 -19 -22 -25 -31 -35-35 0 0 0 0 -14 -188 -170 -166 

11 0 0 0 0 0 1 1 1 0 0 0 -109-139 -95 -87 -84 -29 -34-39 -47-53-25 0 0 0 0 -21 -277-249-244 

12 0 0 0 0 0 1 1 1 0 0 0 -108-106-108-96 -38 -40 -47-55-64-71 0 0 0 0 0 -31 -334-317-316 

13 0 0 0 0 0 1 1 1 1 0 -8 -5 -100 -62 -44 -46 -52 -61 -71 -82-84 0 0 0 0 0 -45 0 -363-379 

14 0 0 0 0 0 1 1 0 1 0 -87 -61 -39 -39 -43 -48 -54 -62-72-83-78 0 0 0 0 -31 -47 0 -348-365 

15 0 0 0 0 0 2 0 0 0 0 -105 -74 -50 -49 -53 -59 -66 -76 -88 -100-90 0 0 0 0 -42 -53 0 -406 -427 

NOTE: Cells are identified by model layer, row, and column number. Units are m3/day. Negative values indicate flux into the site-scale model domain. Values 

are rounded to nearest integer.
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Table 5. Flux Values for Site-Scale Model South Boundary (Row 115)

r.-;c 5r.D 
CD<O 

'r

Column Number 

Layer 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 

1 -1 -53 -55 -122 190 131 116 116 113 107 105 111 124 140 137 -9 -5 0 1 1 

2 -1 -53 -55 -122 190 131 116 116 113 107 105 111 124 140 137 -9 -5 0 1 1 

3 -1 -27 -55 -122 190 131 116 116 113 107 105 111 124 140 137 -9 -5 0 1 1 

4 -1 -13 -21 -237 379 261 233 233 227 214 210 221 247 280 275 -17 -10 1 2 3 

5 -91 -17 -9 -36 377 261 232 233 227 213 210 221 248 280 275 -18 -6 29 2 3 

6 -86 -20 -8 -19 306 260 232 233 228 213 210 221 248 282 276 -16 0 76 4 3 

7 -81 -22 -8 -17 61 259 231 234 228 213 210 222 248 283 276 -1 0 76 48 3 

8 -77 -23 -7 -15 62 202 231 234 229 213 209 222 248 251 42 -1 0 77 156 3 

9 -73 -24 -6 -14 35 42 230 235 230 213 209 222 249 6 6 0 0 76 154 9 

10 -69 -24 -4 -12 ' 34 44 220 236 231 212 208 222 249 6 1 0 0 75 151 176 

11 -96 -22 -3 -16 50 50 53 355 349 318 311 333 373 10 1 0 0 110 223 260 

12 -16 -2 3 -18 65 50 42 350 472 422 411 446 498 4 1 0 31 138 290 341 

13 -2 -3 11 -18 79 62 54 68 642 523 507 559 187 2 4 0 38 157 354 417 

14 -1 -2 15 -15 77 62 57 59 812 512 496 563 1 2 5 1 31 148 348 409 

15 435 -1 18 -15 92 74 69 73 121 1,175 647 205 3 5 6 26 32 169 414 485 

NOTE: Cells are Identified by model layer, row, and column number. Units are m3/day. Negative values indicate flux into the site-scale model domain. Values 

are rouhded to nearest integer.
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Table 6. Total In, Out, and Net Flux Values for Site-Scale Model Boundaries

TOTAL/NET 
West North East South FLUX VALUES 

total in: -7464 -24034 -18100 -2037 -51635 

total out: 18221 617 24 39192 58054 

net: 10757 -23417 -18076 37155 6419 

NOTE: Units are m3/day. Negative values indicate flux into the site-scale model domain.  

3.5 STATUS SUMMARY 

This report provides a discussion of the association between the regional and site-scale models 

and describes how the updated information in the regional model will be used in future site-scale 

model validation.  

Comparison of the site-scale model with an independent model (such as the 2001 DVRFS 

model) and associated model inputs are being used to validate the SZ site-scale flow model. The 

strategy emphasizes identification and comparison of potentially important independent models 

and data. Activities, as needed, providing model validation and development of multiple lines of 

evidence for the SZ flow and transport model commensurate with Project strategies and 

objectives will include one or more items from the following: 

" Analysis of flux data from the 2001 DVRFS model and comparison to those from the 

site-scale model. Preliminary cell-by-cell flux values were extracted from the 2001 

DVRFS model output files (see Section 3.4). Comparison of these fluxes with those 

obtained from the calibrated site-scale model indicates very favorable agreement, thus 

supporting ongoing validation activities.  

"* Development of a better understanding of the relationship between the fluid flow path 

and lateral boundary flux, especially in the southeastern part of the site model.  

"* Comparison of permeabilities obtained through calibration of both models.  

"* Analyses of the sensitivity to permeability of fluxes in both the DVRFS and site-scale 

models.  
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1. PURPOSE 

The objective of this calculation is to determine the maximum dose rate at the external surfaces of 
a 21-PWR (pressurized water reactor) uncanistered fuel (UCF) waste package (WP). The scope is 
limited to dose rate evaluation at the emplacement of the WP. The results of this calculation will 
be used to assess the shielding performance of the 21-PWR WP concept for License Application.  

The planning requirements that apply to the generation of this calculation have been identified in 
Technical Work Plan for: Waste Package Design Description for SR (CRWMS M&O [Civilian 
Radioactive Waste Management and Operator Contractor] 2000a, Waste Package Design 
Methodology). This calculation is performed and documented according to AP-3.12Q,Calculations 

2. METHOD 

The Monte Carlo radiation transport method, which is implemented in the MCMP computer code 
(Briesmeister 1997), is used to calculate surface dose rates of waste packages. MCNP uses the 
continuous-energycross sections processed from the evaluated nuclear data files (Briesmeister 1997, 
Appendix G).  

The radiation source terms for the PWR SNF were developed in CRWMS M&O (1999a, pp. 17 and 
23) for spent fuel with various combinations of burnup, enrichment, and cooling time. The initial 
uranium content considered in radiation sofirce term generation is 475 kg, and the highest fuel 
burnup and enrichment considered are 75 GWd/MTU and 5.5 wt% 2"U, respectively. In this 
calculation, "bounding PWR SNF" is the .spent fuel with a 75-GWd/MTU bumup, 5.5-wt% 
enrichment, 5-year cooling time, and an initial uranium content of 475 kg. These values, except the 
uranium content, bound the initial uranium content (477 kg), burnup (69 GWd/MTU), enrichment 
(5 wt% `3U), and cooling time (5 year) of the assemblies in the commercial waste stream that will 
arrive at the repository (CRWMS M&O 2000b, Attachment III, preblend files). The characteristics 
of an "average PWR SNF" are defined in Assumption 3.3. Dose rate calculations for a "hypothetical 
bounding PWR SNF" are also included to evaluate an upper limit for the dose rate at the WP 
external surfaces (See Section 5.2).  

The control of the electronic management of data is accomplished in accordance with the process 
control evaluation for the technical work plan of this calculation (CRWMS M&O 2000a).  

3. ASSUMPTIONS 

The following assumptions are used throughout Section 5.  

3.1 It is assumed that the mechanical design parameters of a B&W 15x15 PWR fuel 
assembly, provided in the U.S. Department of Energy (DOE) (1987, pages 2A-31 through 
2A-35), are generic characteristics of assemblies in the commercial PWR waste stream.  
The rationale for this assumption is that the radiation source terms were generated in

Eý
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CRWMS M&O (1999a) for the B&W 15x15 PWR fuel assembly, which is considered 
descriptive of the commercial PWR waste stream.  

3.2 The radiation source and contents of each assembly region are homogenized inside the 
assembly region volume. The rationale for this assumption is that the surface dose rates 
for a WP with this geometric representatioh for the fuel assemblies and for a WP with 
detailed geometric representation for the fuel assemblies are the same within statistical 
limits (CRWMS M&O 1998b, Section 6).  

3.3 The PWR spent nuclear fuel (SNF) having 4.0-wt% initial 2"U, 48-GWd/MTU bumup, 
21-year decay time, and 475 kg initial uranium is assumed to be the SNF with average 
characteristics. The rationale for this assumption is that the source term for the SNF with 
these characteristics generates conservative (higher) dose rates for an average PWR SNF.  
The average PWR SNF is estimated in CRWMS M&O (1999a, p. 24).  

3.4 A peaking factor of 1.25 bounds the axial distribution of gamma and neutron sources in 
the active fuel region. This value is based on the predicted heat profile for a PWR 
assembly provided by Electric Power Research Institute (EPRI 1989, p. 3-26).  

3.5 The length of the bottom end-fitting of the PWR assembly is not provided in DOE (1987).  
It is assumed that the length of the bottom end-fitting is 4 in. The rationale for this 
assumption is that this length leads to higher dose rates on the WP surfaces adjacent to 
the bottom end-fitting region of the PWR SNF assemblies.  

3.6 The chemical composition of the SNF is assumed the same as that of the fresh fuel. The 
rationale is that small weight variations of the elements do not affect the accuracy of dose 
results, as long as the total weight is maintained.  

3.7 The chemical composition of Neutronit A976 is assumed for Neutronit A978, which is 
a molybdenum alloyed Bohler Neutronit (Kugler 1996). The rationale for this assumption 
is that by neglecting molybdenum in the Neutronit A976 chemical composition, the 
balance element iron is increased, which provides conservative (higher) dose rates at the 
external surfaces of the WP.  

4. USE OF COMPUTER SOFTWARE AND MODELS 

4.1 -SOFTWARE 

The MCNP 4B2LV computer code is used to'calculate neutron and gamma fluxes on the WP 
surfaces for dose rate evaluations.  

* Program name: MCNP.
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* Version/Revision number: Version 4B2.  

e Computer Software Configuration Item (CSCI) Number: 30033 V4B2LV (CRWMS M&O 
1998a).  

* Computer Type: Hewlett Packard (HP) workstation "Bloom" (Tag: CRWMS-M&O 

700887).  

e Operating System: HP-UX (Hewlett Packard-UNIX) 10.20.  

e The MCNP 4B2LV computer code is an appropriate tool to determine the dose rates on the 
surface and near the surface of a WP containing 21 PWR SNF assemblies.  

e This software has been validated over the range it was used.  

* This software was previously obtained from the Software Control Management in 
accordance with appropriate procedures.  

The input file for each computer calculation is echoed in the output file of the calculation. The 
output files are described in Section 8.  

4.2 MODELS 

None used.  

5. CALCULATION 

5.1 CALCULATION INPUTS 

The following sections outline the information used in calculation of dose rates on the waste package 
surfaces. Each MCNP calculation requires the following information: geometry, material, and 
source parameters. The WP consists of the UCF disposal container, 21 PWR SNF assemblies, and 
a basket assembly. Sketch SK-0219 REV 01, which is shown in Attachment III, provides geometry 
and material specifications for the 21-PWR WP concept for License Application. It should be noted 
that the lifting features and the welds of the waste package were'not represented in the MCNP 
geometry since by neglecting these components the dose rates increase at the top and bottom of the 
waste package. Therefore, only the sheets of sketch SK-0219 REV 01 that were actually used in this 
calculation are included in Attachment III. The information provided by the sketch is that of the 
potential design of the type of WP considered in this calculation.  

The number of digits in the values cited herein may be the result of a calculation or may reflect the 
input from another source; consequently, the number of digits should not be interpreted as an 
indication of accuracy.

Waste Package Project Calculation
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5.1.1 UCF Disposal Container 

The disposal container conSists of a inner reinforcement cylinder made of stainless steel, an outer 
corrosion resistant shell, inner shell lids, outer shell lids, and a basket assembly. Table I presents 
the geometry and material specifications for the disposal container of 21-PWR SNF assermblies, as 
indicated in sketch SK-0219 REV 01. Tables 2 through 6 present the chemical compositions for the 
structural materials of this container.  

Table 1. Geometry and Material Specifications for the Disposal Container 

Component Material Characteristic Dimension (mm) Sketch Sheet 
Inner shell SA-240 S31600 Thickness .... 50 - - 19,24 
Outer shell SB-575 N06022 -Thickness 20 -15,24.  

Inner shell bottom lid SA-240 S31600 Thickness, 88.9 19, 24 
Inner shell top lid SA-240 S31600 Thickness 50.8 24, 20 

Outer shell flat bottom lid SB-575 N06022 Thickness '25.4 24,17 
Outer shell flat closure lid SB-575 N06022 Thickness 9.525 24, 18 

Extended outer shell lid base SB-575 N06022 Thickness 25.4 24, 17 
Top upper closure gap Air -Thickness 30.08 2 
Top lower closure gap Air Thickness - 44.225 2,19 

Bottom lid gap Air Thickness 70 4, 24 
Cavity Air -. Length 4,585 7 

Inner diameter 1,424 19 
Basket A-sideguide SA-516 K02700 -Thickness -10-- 24 
Basket B-sideguide SA-516 K02700 -Thickness __10 24 
Basket comer guide SA-516 K02700 Thickness 10 24 
Basket A-stiffener SA-516 K02700 Thickness 10 24 

- Basket B-stiffener - -SA-516 K02700 - -Thickness 10 24 
Basket C-stiffener SA-516 K02700 -Thickness 10 24 

Fuel basket A-plate Neutronit A 978 'Thickness 7 24 
Fuel basket B-plate Neutronit A 978 ,Thickness 7 24 

-Fuel basket C-plate - Neutronit A 978 - Thickness 7- 24 
Fuel basket D-plate . SB-209 A96061 T4 Thickness ........ 5 -.-. 24 
Fuel basket E-plate SB-209 A96061 T4 Thickness 5 24 

Fuel basket tube SA-516 K02700 Thickness 5- 24 
Length 4,575 19 

Inner transverse 226 19 
dimension 

SOURCE: Sketch SK-0219 REV 01.  
NOTE: The thicknesses of the top lids used in this calculation slightly differ from those shown in the sketch. However, 

the total thickness of the top lids used in this calculation is 85 mm, which is 0.725 less than the actual value 
indicated by the sketch, and provides higher (conservative) dose rates at the top surface of the waste package.  
Moreover, for conservative evaluations (higher dose rates), the thicknesses of the inner shell, the outer shell, 
and lids are reduced by 0.25 mm each to account for permissible variations in thickness (ASME 1998, Section 
Il-B, SB-575, page 762, and Section lI-A, SA-480, page 877). The loose fit between the inner and outer shells 
is neglected to obtain slightly higher (conservative) dose rates at the external radial surface.
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Table 2. Chemical Composition of SA-516 K02700

Element Weight Percent RangeO Value Used 

Carbon 0.27 (max) 0.27 

Manganese 0.85-1.20 1.025 

Phosphorus 0.035 (max) 0.035 

Sulfur 0.035 (max) 0.035 

Silicon 0.15-0.40 0.275 

Iron Balance 98.36 

Densityb = 7.85 g/cn 3 

SOURCE: "ASME 1998, Section II-A, SA-516, page 925.  
b ASME 1998, Section I1-A, SA-20, page 67.  

Table 3. Chemical Composition of SA-240 S31600 

Element Weight Percent Range* Value Used 

Carbon 0.08 (max) 0.08 

Manganese 2.00 (max) 2.00 

Phosphorus 0.045 (max) 0.045 

Sulfur 0.03 (max) 0.03 

Silicon 0.75 (max) 0.75 

Chromium 16.00-18.00 17.00 

Nickel 10.00-14.00 12.00 

Molybdenum 2.00-3.00 2.50 

Nitrogen 0.10 (max) 0.10 

Iron Balance 65.495 

Density' = 7.98 g/cm3 

SOURCE: •ASME 1998, Section II-A, SA-240, page 366.  
b ASTM G 1-90, page 7.

I

I
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Table 4. Chemical Composition of SB-575 N06022 

Element Weight Percent Range Value Used 

Carbon -0.015 (max) - 0.015 

Manganese - - 0.50 (max) 0.50 ..  

Silicon 0.08 (max) 0.08 

Chromium ------ 20.0-22.5 - 21.25 

Molybdenum 12.5-14.5 - 13.50 

Cobalt 2.50 (max) '2.50 

Tungsten 2.5-3.5 . 3.00 

Vanadium 0.35 (max) - 0.35 

Iron -2.0-6.0 4.00 

Phosphorus 0.02 (max) 0.02 

Sulfur 0.02 (max) 0.02 

Nickel Balance -- 54.765 

Density = 8.69 g/cm3 

SOURCE: ASME 1998, Section II-B, SB-575, pages 760 and 761.  

The chemical composition of NIeutronit A976 is assumed for Neutronit A978 in this calculation (see 
Assumption 3.7).  

Table 5. Chemical Composition of Neutronit A976 

Element Weight Percent Rangea 4 Value Used 

"Carbon 0.04 (max) 0.04° 

Chromium 18.5 18.5 

Nickel 13.0 13.0 

Cobalt 0.20 (max) 0.20 

Boron According to specifications 0.75-1. 74b 

Iron Balance 67.51 or 66.52 

Density' = 7.76 g/cm3 

SOURCE: a Kugler 1996, pages 14 and 17.  
b ASTM A 887-89, page 2.  

NOTE: The range of boron content is based on those for ASTM A887 type B3 to B6. For conservative (slightly higher) 
results, 0.75-wt% B is used in neutron dose rate calculation, and 1.74-wt% B is used in gamma dose rate 
calculations.

, I Waste Package Project Calculation
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Table 6. Chemical Composition of SB-209 A96061

SOURCE: S ASME 1998, Section II-B, SB-209, page 236.  
b ASME 1998, Section 11-1, Subpart 2, pages 611 and 612.  

NOTE: c MCNP does not contain neutron cross-section tables for Zn. Al replaces Zn in this calculation because these 
two elements have similar neutron cross sections.  

5.1.2 PWR SNF Assemblies 

The PWR SNF assembly used in this calculation is a Babcock and Wilcox (B&W) 15x 15 PWR SNF 
assembly. The mechanical design parameters for a B&W 15xl5 PWR fuel assembly are provided 
in DOE (1987, pages 2A-31 through 2A-35). Table 7 presents these parameters. Tables 8 through 
13 present the chemical compositions for the composing materials other than uranium dioxide.  
CRWMS M&O (1999a) provides the gamma and neutron source terms for the PWR SNF waste 
stream. Tables 14, 15, and 16 present the gamma and neutron sources for the bounding PWR SNF 
for the active fuel region, a hypothetical bounding PWR SNF for the active fuel region as well as 
for the hardware regions, and an average PWR SNF (see Section 5.2), respectively.

Element Weight Percent Rangea Value Used 
Silicon 0.4-0.8 0.6 

Iron 0.7 (max) 0.7 
Copper 0.15-0.4 0.275 

Manganese 0.15 (max) 0.15 
Magnesium 0.8-1.2 1.0 
Chromium 0.04-0.35 0.195 

Zince 0.25 (max) 0.25 
Titanium 0.15 (max) 0.15 

Others (each) 0.05 (max) 0.0 
Others (total) 0.15 (max) 0.0 

Aluminum Balance 96.68 
Densityb = 2.7 g/cm3
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Table 7. Mechanical Design Parameters for B&W 15x15 Mark B Fuel Assembly 

Design Component Material Zone Characteristic Reference Page Value 

Assembly NIA N/A Width 2A-31 8.536 in. (21.68144 cm) 

- Length 2A-31 165.625 in. (420.6875 cm) 

Fuel pin N/A In core Number per assembly 2A-33 208 

Length 2A-33 153.68 in. (390.3472 cm) 

Mass/pin 2A-34 -5.58 lb. (2.53105 kg) 

Fuel pellets U02  Active fuel Mass U/assembly 2A-31 0.46363 metric tons 

Diameter 2A-34 0.3686 in. (0.93624 cm) 

Stack length 2A-33 141.8 In. (360.172 cm) 

Cladding Zircaloy-4 In core Thickness 2A-33 0.0265 in. (0.06731 cm) 

Fuel-clad gap 2A-33 0.0042 in. (0.010668 cm) 

Top nozzle SS CF3M Top Mass/assembly 2A-32 7.48 kg 

Bottom nozzle SS CF3M Bottom Mass/assembly-- 2A-32 8.16 kg 

Guide tube Zircaloy-4 In core Mass/assembly 2A-32 8.0 kg 

Instrument tube .-Zircaloy-4 In core Mass/assembly 2A-32 - 0.64 kg 
Spacer-plenum Inconel-718 Plenum Mass/assembly 2A-32 1.04 kg 

Spacer-bottom - Inconel-718 Bottom Mass/assembly 2A-32 - 1.3 kg 

Spacer-incore Inconel-718 In core Mass/assembly 2A-32 4.9 kg 

Spring retainer _SS CF3M Top Mass/assembly 2A-32 0.91 kg 

Holding spring Inconel-718 Top Mass/assembly 2A-32 1.8 kg 

Upper end plug SS 304 .-Top - Mass/assembly 2A-32 0.06 kg 

Upper nut SS 304L Top -Mass/assembly 2A-32 0.51 kg 

--Lower nut 'SS 304 Bottom Mass/assembly 2A-32 0.15 kg 

Grid supports Zircaloy-4 In core --Mass/assembly 2A-32 .0.64 kg 

Plenum spring SS 302 Plenum Mass/assembly 2A-34 -0.042 lb. (0.01905 kg), 

Plenum region N/A NIA -- Length" -N/A 30.1752 cm 

Bottom end-fitting .N/A -N/A Lengthb N/A -.. .4 in. (10.16 cm) 

NOTES: a Calculated: fuel pin length - fuel pellet length = 390.3472 cm - 360.172 cm.  
b A bottom end-fitting region of 4-in. length provides conservative (higher) dose rates for bottom region of the 

WP (see Assumption 3.5).I
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Table 8. Chemical Composition of Zircaloy-4 

Element Weight Percent Range Value Used 

Tin 1.20-1.70 1.45 

Iron 0.18-0.24 0.21 
Chromium 0.07-0.13 0.115 

Oxygen 0.09-0.16 0.125 

Iron+Chromium 0.28-0.37 N/A 
Zirconium Balance 98.1 

SOURCE: ASTM B 811-90, page 2.  

Table 9. Chemical Composition of inconel-718 

Element Weight Percent Range Value Used 
Nickel 50.0-55.02 51.5 

Chromium 17.0-21.0 19.0 

Iron Balance 17.809 

Niobium 4 .7 5 -5.50b 5.125 
Molybdenum 2.80-3.30 3.05 

Titanium 0.65-1.15 0.90 
Aluminum 0.20-0.80 0.50 

Cobalt 1.00 (max) 1.00 
Manganese 0.35 (max) 0.35 

Silicon 0.35 (max) 0.35 

Copper 0.30 (max) 0.30 

Carbon 0.08 (max) 0.08 
Sulfur 0.015 (max) 0.015 

Phosphorus 0.015 (max) 0.015 
Boron 0.006 (max) 0.006

SOURCE: Inco Alloys International 1988, page 11.  
I NOTES: a Nickel plus cobalt.  

b Niobium plus tantalum.

Pane 14 of 46
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Table 10. Chemical Composition of SS 304 

'Element Weight Percent Range Value Used 

Carbon 0.08 (max) -- 0.08 

Chromium 18-20 -19 

Nickel 8-10.5 .925 

Manganese 2.00 (max) . 2.00 

Phosphorus 0.045 (max) 0.045 

Sulfur 0.03 (max) 0.03 
Silicon 0.75 (max) 0.75 

Nitrogen 0.10 (max) 0.10 

Iron Balance 68.745 

I SOURCE: ASME 1998, Section II-A, SA-240, page 365.  

Table 11. Chemical Composition of SS 304L 

Element Weight Percent Range Value Used 

Carbon 0.03 (max) 0.03 

Manganese 2.0 (max) 2.0 

Phosphorus 0.045 (max) 0.045 

Sulfur 0.03 (max) 0.03 

Silicon 0.75 (max) 0.75 

Chromium 18-20 -19 

Nickel 8-12 10 

Nitrogen 0.10 0.10, 

Iron Balance 68.045 

SOURCE: ASME 1998, Section Il-A, SA-240, page 365.
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Table 12. Chemical Composition of SS CF-3M 

Element Weight Percent Range Value Used 

Carbon 0.03 (max) 0.03 
Manganese 1.50 (max) 1.50 

Silicon 2.00 (max) 2.00 
Chromium 17.0-21.0 19.0 

Nickel 8.0-12.0 10.0 
Molybdenum 2.0-3.0 2.5 

Iron Balance 64.97 

SOURCE: American Society for Metals 1980, page 95.  

Table 13. Chemical Composition of SS 302 

Element Weight Percent Range Value Used 

Carbon 0.15 0.15 
Manganese 2.00 2.00 
Phosphorus 0.045 0.045 

Sulfur 0.030 0.03 
Silicon 0.75 0.75 

Chromium 17.00-19.00 18.00 
Nickel 8.00-10.00 9.00 

Nitrogen 0.10 0.10 
Iron Balance 69.925 

I SOURCE: ASME 1998. Section II-A, SA-240, page 365.

Pa•e 16 of 46
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-Table 14. Gamma and Neutron Sources per Assembly-for the Bounding PWR SNF 

Gamma Intensity (photonsls) Neutron Intensity (neutronsls) 

Upper Energy Bottom End- Active Fuel Plenum Fuel Top End- Upper Energy 'Active Fuel 
Boundary (MeV) Fitting Region Region Fitting Boundary (MeV) Region 

Region Region

5.OOE-02 5.28E+11 2.26E+15 4.78E+11 3.37E+11 1.00E-08 O.OOOOE+00 
1.00E-01 1.03E+11 6.28E+14 5.43E+10 6.60E+10 3.00E-08 O.OOOOE+00 

2.OOE-01 2.51E+10 5.08E+14 3.20E+10 1.59E+10 5.OOE-08 O.OOOOE+00 
3.OOE-01 1 .25E+09 1.44E+14 1.78E+09 7.92E+08 1.00E-07 O.OOOOE+00 

4.00E-01 1.69E+09 9.63E+13 5.37E+09 1.04E+09 2.25E-07 O.OOOOE+00 

6.OOE-01 1.76E+09 1.38E+15 1.01IE--l 6.59E+07' 3.25E-07 O.OOOOE+00 

8.OOE-01 3.93E+09 4.37E+15 5.47E+10 2.13E+09 4.OOE-07 0.0000E+00 
1.00E+00 1.29E+1I 6.37E+14 7.41E+09 7.21E+10 8.OOE-07 0.0000E-OO 

1.33E+00 3.00E+13 4.12E+14 1.55E+13 1.93E+13 I.OOE-06 O.OOOOE+00 
1.66E+00 8.47E+12 1.17E+14 4.37E+12 5.44E+12 11.13E-06 0.0000E+00 

2.00E+00 1.85E+03 1.34E+12 8.52E+02 1.13E+03 1.30E-06 O.OOOOE+00 

2.50E+00 2.01E+08 2.47E+12 1.04E+08 1.29E+08 1.77E-06 9.0000E+00 

3.00E+00 3.12E+05 9.97E+10 1.61E+05 2.OOE+05 3.05E-06 O.OOOOE+00 
4.OOE+00 4.20E-08 1.25E+10 5.50E-09 2.28E-08 1.00E-05 - O.OOOOE+00 
5.00E+00 O.OOE+00 4.68E+07 O.OOE+00 0.OOE+00 3.OOE-05 O.OOOOE+00 
6.50E+00 O.OOE+00 1.88E+07 O.OOE+00- O.OOE+00 . '1.OOE-04 O.OOOOE+00 
8.OOE+00 O.OOE+00 3.69E+06 0.00E+00 O.OOE-00 - 5.50E-04 0.0000E+00 
1O.OOE+00 O.OOE+00 7.83E+05 - O.OOE+00 O.OOE+00 3.OOE-03 '0.0000E+00 

Total 3.9264E+13 1.0556E+16 2.0605E+13 2.5235E+13 1.70E-02 0.0000E+00 

N/A N/A N/A N/A' N/A 1.00E-01 0.0000E+00 
N/A N/A N/AA N/A /A 4.OOE-01 5.27E+07 

N/A N/A N/A . N/A N/A 9.OOE-01 2.69E+08 

N/A N/A N/A N/A N/A 1.40E+00 2.46E+08 

N/A, N/A N/A N/A N/A 1.85E+00 1.81E+08 

N/A N/A- - N/A N/A N/A 3.OOE+00 3.19E+08 

N/A N/A N/A' N/A N/A 6.43E+00 2.91 E+08 

N/A N/A N/A NIA N/A 20.00E+00 2.57E+07 

N/A N/A N/A N/A" N/A Total 1.3844E+09
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Table 15. Gamma and Neutron Sources per Assembly for the Hypothetical Bounding PWR SNF 

Gamma Intensity (photonsls) Neutron Intensity* (neutrons/s) 

Upper Energy Bottom End- Active Fuel Plenum Fuel Top End- Upper Energy Active Fuel 
Boundary (MeV) Fitting Region' Regionb Fitting Boundary (MeV) Region 

Region b Regionb 

5.OOE-02 8.86E+11 2.26E+15 7.24E+11 5.66E+11 1.OOE-08 O.OOOOE+00 

1.00E-01 1.73E+1I 6.28E+14 8.98E+10 1.11E+11 3.OOE-08 O.OOOOE+00 

2.OOE-01 4.22E+10 5.08E+14 4.71E+10 2.68E+10 5.OOE-08 0.OOOOE+00 

3.OOE-01 2.10E+09 1.44E+14 2.60E+09 1.33E+09 1.00E-07 O.OOOOE+00 

4.OOE-01 2.82E+09 9.63E+13 7.49E+09 1.74E+09 2.25E-07 0.OOOOE+00 

6.OOE-01 2.40E+09 1.38E+15 1.36E+11 1.11E+08 3.25E-07 O.OOOOE+00 

8.OOE-01 5.65E+09 4.37E+15 7.40E+10 3.12E+09 4.OOE-07 O.OOOOE+00 

1.OOE+00 1.55E+11 6.37E+14 9.81E+09 8.72E+10 8.OOE-07 O.OOOOE+00 

1.33E+00 5.05E+13 4.12E+14 2.57E+13 3.24E+13 1.OOE-06 0.OOOOE+00 

1.66E+00 1.43E+13 1.17E+14 7.26E+12 9.14E+12 1.13E-06 O.OOOOE+00 

2.OOE+O0 1.81EE+03 1.34E+12 1.17E+03 1.09E+03 1.30E-06 O.O00E+O0 

2.50E+00 3.38E+08 2.47E+12 1.72E+08 2.17E+08 1.77E-06 O.ooooE+00 

3.00E+00 5.25E+05 9.97E+10 2.67E+05 3.36E+05 3.05E-06 O.OOOOE+O0 

4.00E+00 3.57E-07 1.25E+10 4.66E-08 1.94E-07 1.OOE-05 O.OOOOE+00 

5.00E+00 0.OOE+00 4.68E+07 O.OOE+00 O.OOE+00 3.00E-05 O.OOOOE+00 

6.50E+00 0.00E+00 1.88E+07 O.OOE+00 0.OOE+00 1.00E-04 0.0000E+00 

8.00E+00 0.OOE+00 3.69E+06 0.00E+00 O.OOE+00 5.50E-04 O.OOOOE+00 

10.OOE+00 O.OOE+00 7.83E+05 0.OOE+00 0.OOE+00 3.OOE-03 O.OOOOE+00 

Total 6.6070E+13 1.0556E+16 3.4051E+13 4.2338E+13 1.70E-02 0.OOOOE+00 

N/A N/A N/A N/A N/A 1.00E-01 0.0000E+00 

N/A N/A N/A N/A N/A 4.OOE-01 5.27E+07 

N/A N/A N/A N/A N/A 9.OOE-01 2.69E+08 

N/A N/A N/A N/A N/A 1.40E+00 2.46E+08 

N/A N/A N/A N/A N/A 1.85E+00 1.81E+08 

N/A N/A N/A N/A N/A 3.OOE+00 3.19E+08 

N/A N/A N/A N/A N/A 6.43E+00 2.91E+08 

NIA N/A N/A NIA N/A 20.OOE+00 2.57E+07 

N/A N/A N/A N/A N/A Total 1.3844E+09 

SOURCE: CRWMS M&O 1999a, Attachment IV, PWR gamma.source and PWR.neutron.source files.  
NOTES: a Initial 23U weight percent of 5.5, average bumup of 75 GWd/MTU, and decay time of 5 years.  

b Initial 23U weight percent of 0.711, average bumup of 75 GWd/MTU, and decay time of 5 years.

..... nwný
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Table 16. Gamma and Neutron Sources per Assembly for the Average PWR SNF-

Gamma Intensity (photonsls) Neutron Intensity (neutronsts) 

Upper Energy Bottom End- Active Fuel Plenum Fuel Top End- Upper Energy Active Fuel 
Boundary (MeV) Fitting Region Region Fitting Boundary (MeV) Region 

'Region Region 

5.OOE-02 5.49E+10 7.41E+14 3.12E+10 3.53E+10 1.00E-08 0.0000E+00 

1.00E-01 1.02E+10 2.16E+14 5.30E+09 - 6.54E+09, 3.00E-08 0.0000E+00 

2.00E-01 2.46E+09 1.42E+14 1.54E+09 1.58E+09 5.OOE-08 0.OOOOE+00 

3.OOE-01 1.23E+08 4.34E+13 7.97E+07 7.89E+07 1.00E-07 0.0000E+00 

4.00E-01 1.61E+08 2.91E+13 1.45E+08 1.03E+08 2.25E-07 0.OOOOE+00 

6.00E-01 3.27E+07 2.57E+13 1.39E+09 6.48E+06 3.25E-07 0.0000E+00 

8.00E-01 2.09E+09 1.36E+15 -2.38E+09 - 1.44E+09 4.00E-07 0.0000E+00 

1.00E+00 2.14E+09 1.52E+1 3 1.67E+09 -1.47E+09 8.00E-07 0.0000E+00 

1.33E+00 2.96E+12 4.48E+13 1.54E+12 1.90E+12 1.00E-06 0.0000E+00 

1.66E+00 8.36E+11 . 8.32E+12 4.34E+11 5.38E+11 1.13E-06 0.0000E+00 

2.OOE+00 1.07E+00 7.48E+10 6.78E+01 9.62E-03 - 1.30E-06 0.OOOOE+00 

2.50E+00 1.98E+07 3.96E+09 1.03E+07 1.28E+07 1.77E-06 O.OOOOE+00 

3.00E+00 3.08E+04 3.01E+08 1.60E+04 1.98E+04 3.05E-06 0.0000E+00 

4.00E+00 2.04E-11 2.32E+07 1 .62E-11 1.39E-1 1 1.00E-05 0.0000E+00 

5.00E+00 O.00E+00 7.77E+06 0.OOE+00 0.00E+00 3.OOE-05 0.0000E+00 

6.50E+00 0.00E+00 3.12E+06 0.00E+00 0.00E+00 1.00E-04 0.0000E+00 

8.00E÷00 0.00E+00 6.11E+05 0.00E+00 0.00E+00 5.50E-04 0.0000E+00 

10.00E+00 O.OOE+00 1.30E+05 0.00E+00 0.00E+00 3.00E-03 0.0000E+00 

Total 3.8681E+12 2.6256E+15' ,2.0177E+12 2.4845E+12 -1.70E-02 0.0000E+00 

N/A N/A N/A N/A N/A 1.OOE-01 0.OOOOE+00 

N/A N/A N/A N/ - N/A 4.00E-01 ,8.68E+06 

N/A N/A , N/A - NIA N/A 9.00E-01 4.44E+07 

N/A N/A" N/A 7,, N/A N/A 1.40E+00. 4.07E+07 

N/A N/A N/A NIA N/A 1.85E+00 3.02E+07 

N/A N/A N/A NIA -, N/A 3.00E+00 5.40E+07 

N/A N/A N/A N/A N/A 6.43E+00 4.84E+07 

N/A N/A -NAN/A/ :AN - N/A ,20.OOE+00 4.24E+06 

,N/A N/A _N/A "." N/A N/A Total -2.3062E+08 

SOURCE: CRWMS M&O 1999a, Attachment IV, PWR.gamma.source and PWR.neutron.source files.  
NOTE: Initial 1U weight percent of 4.0; average bumup of 48 GWd/MTU; and decay tinme of 21 years (See Assumption 
3.3).I
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5.2 DESCRIPTION OF CALCULATIONS 

5.2.1 Selection of Source Terms 

This calculation provides surface dose rates for a 21-PWR AP that contains SNF with radiation 
source terms with the following burnup and decay characteristics: 

"* 5.5-wt% initial "U enrichment, 75.0-GWd/MTU burnup, and 5-year decay time. Surface 
dose rates for the WP without the basket assembly inside are also calculated.  

" 5.5-wt% initial 2"U enrichment, 75.0-GWd/MTU burnup, and 5-year decay time for the 
active fuel region, and 0.71 1-wt% initial enrichment, 75.0 GWd/MTU bumup, and 5-year 
decay time for the hardware regions. Since for a given time and burnup the activation of 
the hardware regions increases with decreasing initial fuel enrichment, this hypothetical 
SNF provides upper limits for dose rates due to the hardware source.  

" 4.0-wt% initial 2aU enrichment, 48-GWd/MTUburnup, and 21-year decay time. The SNF 
with these characteristics provides conservative dose rate estimations for the average PWR 
SNF (see Assumption 3.3). Surface dose rates for a WP containing average SNF are useful 
for estimating the radiation exposure of the surrounding equipment.  

5.2.2 Geometric Representation of the Source Regions 

The PWR SNF assemblies contain four distinct source regions: a bottom end-fitting region, an 
active fuel region, a plenum region, and a top end-fitting region. Each assembly region is 
homogenized inside its volume (see Figures 1 through 3), resulting in a uniform distribution of the 
region contents and radiation source inside the region volume (See Assumption 3.2). The study of 
source geometry effect (CRWMS M&O 1998b) on the surface dose rates for a WP containing 21 
PWR SNF assemblies has shown that the detailed representation of the SNF assemblies and the 
assemblies homogenized inside their transverse dimensions give essentially the same surface dose 
rates. The MCNP input file specifies these four gamma sources through source distribution numbers 
dependent on geometric cells. Attachment II provides the fraction of gamma sampling in each 
assembly region, required by the source probability (sp) card, and the total gamma source intensity, 
required by the tally multiplier (fin) card.  

5.2.3 Material Specification in the MCNP Input 

MCNP requires element/isotope compositions of the materials either as weight fractions or atomic 
densities. The material compositions of the assembly regions are entered as atomic densities, in 
atoms/b cm, in the MCNP input. Atomic density (AD) is calculated according to the following 
equation (Harmon et al. 1994, Appendix B):
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AD (atoms/b. cm) = massi, (g) * N A(atoms/mole) (Eq. 1) 
1024 (b/cm2) * volumeeo (cm 3) * atomic mass. 10 (g/mole) 

In the above equation, NA is the Avogadro constant, whose value is 6.02213 67E+23 atoms per mole 
(Parrington et al. 1996, page 59). The element or isotope atomic masses are provided in Parrington 
et al. 1996. The calculation of the atomic densities for each assembly region is presented in 
Attachment I.  

The isotopic composition, in weight percent, for commercially available enriched uranium is 
calculated according to the following equations (Bowman et al. 1995, page 20): 

wtO/o 2 4U =0.007731 (wto/o 1sU) 0837 

wt% P6U 0.0046(Wt% 235U). (Eq. 2) 
Wt% 231U 100- (wt 23 U)�%(Wt% 236u) 

-5.2.4 Calculation of the Total Dose Rate 

MCNP estimates the gamma or the neutron flux averaged over a surface, and then calculates the 
surface'dose rates in reem/h. The surface dose rate for a certain energy group is the product of group 
flux and the flux-to-dose rate conversion factor for the energy group (Briesmeister 1997, pages H-5 
and H-6).  

Since MCNP performs the photon and neutron transport in two separate runs, the total dose rate is 
the sum of gamma and neutron dose rates. The estimated relative error of the total dose rate is 
derived from the estimated variance of the total dose rate. The estimated variance of the total dose 
rate, S2't, is the sum of the estimated variances of the individual dose rates, Si2. The estimated 
relative error (Briesmeister 1997, p. 2-93) is given by: 

DRtot, = DRg=M + DRet (Eq. 3) 

Stotal u ma + nS u (Eq. 4) 

DR , =(Eq. 5) 
DRt~a
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where 

DR = estimated dose rate (rem/h) 
S2 = estimated variance (rem/h)2 

R = estimated relative error 

5.2.5 Segments Selected for Surface Dose Rate Calculations 

Surface dose rates are calculated for the radial, top, and bottom directions of the WP. For each 
direction, dose rates are determined for segments (see Figures 4, 5, and 6) of the following five 
surfaces: inner surface of the inner shell, inner surface of the outer shell, WP outer surface, and 
surfaces at 1 m and 2 m from WP outer surface. Segments 1 to 9 are subdivisions of the five radial 
surfaces. Segment 1, 37.8125-cm tall, corresponds to the void region above fuel assemblies.  
Segment 2, 20.1803-cm tall, corresponds to the top end-fitting region. Segment 3, 30.1752-cm tall, 
corresponds to the plenum region. Five segments, Segments 4 to 8, each 72.0344-cm tall, are equal 
segments of the active fuel region. The last axial segment, Segment 9, 10.16-cm tall, corresponds 
to the bottom end-fitting region. The top surface of the WP cavity has six segments, Segments 14 
to 19, as shown in Figure 5. Figure 6 shows the four segments, Segments 14,20,21, and 22, of the 
bottom surface of the upper outer lid. The bottom surface of the WP cavity, and the bottom surface 
of the lower inner lid are divided in two segments by a 20-cm radius. The WP top and bottom 
surfaces and the top and bottom surfaces I m from the WP have three segments: Segments 10 to 12.  
The top and bottom surfaces 2 m from the WP have also three segments: Segments 10, 11, and 13.

Calculation
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SOuter Shell Flat Closure Lid 

Closure Lid Gap 

Top End-Fitting Source Region 

Plenum Source Region 

-Outer Shell 

- Active Fuel Source Region 

Inner Shell 

Bottom End-Fitting Source Region

NOTE: Drawing not to scale.'

Figure 1. Source Region Representation in MCNP Calculations

Inner Lid 
I

Outer Lid 
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Homogenized PWR Assembly 

Basket Assembly 

Inner Shell (SS 316) 

Outer Shell (Alloy 22) 

NOTE: The extra-cell shown for the inner shell has been created for geometric importance sampling in MCNP.  

Figure 2. Lateral View of WP with Basket Assembly for MCNP Calculations
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S- Homogenized PWR Assembly 

Inner Shell (SS 316) 

- Outer Shell (Alloy 22) 

NOTE: The extra-cell shown for the inner shell has been created for geometric importance sampling In MCNP.  

Figure 3. Lateral View of WP Without Basket Assembly for MCNP Calculations
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100 cm

100 cm

100 cm

Void Segment 1 3 
--- --------------- 

Top End-Fitting Source Region Segment 2 2 

Plenum Source Region Segment 3 3 
A L.  

Segment 4 7 

Segment 5 7 

Active Fuel Source Region Segment 6 i 

Segment 7 7 

_Segment 8 7 

Bottom End-Fitting Source Region Segment 9 j 1

100 cm

U 

4t

Segment 10 Segment 11 ISegment 12 
80 cm : 38.2cm 100cm

Segment 13 
200 cm

7.8125 cm 

0.1803 cm 

0.1752 cm 

'2.0344 cm 

2.0344 cm 

'2.0344 cm 

2.0344 cm 

2.0344 cm 

0.16 cm

NOTES: * Drawing not to scale.  
bThe segments used in dose calculations for the top surface of the WP cavity and bottom surface of the outer 

top lid are presented in Figures 5 and 6.  

Figure 4. Surface Segments Used for Dose Rate Calculations
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NOTE: Drawing not to scale.  

Figure 5. Segments of the Top Surface of the WP Cavity Used in Dose Rate Calculations

NOTE: Drawing not to scale.

- --Figure 6. Segments of the Bottom Surface of the Top Outer Lid Used in Dose Rate Calculations�
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6. RESULTS 

The tables included in this section present the gamma and neutron surface dose rates calculated by 
MCNP, the total surface dose rates calculated using Equation 3, and its associated relative error 
calculated using Equations 4 and 5. The results presented in Tables 17 through 40 are based on 
unqualified information (radiation source terms) that requires confirmation.  

This document may be affected by technical product input information that requires confirmation.  
Any changes to the document that may occur as a result of completing the confirmation activities 
will be reflected in subsequent revisions. The status of the technical product input information 
quality may be confirmed by review of the DIRS database.  

6.1 BOUNDING SOURCE FOR THE ACTIVE FUEL REGION 

This section presents surface dose rates for the WP containing 21 PWR SNF assemblies with the 
following characteristics: 5.5-wt% initial '3'U, 75.0-GWd/MTU burnup, and a 5-year decay time.  
The source term for the PWR SNF assembly with these burnup and decay characteristics generates 
conservative (higher) surface dose rates only for the active fuel region.  

6.1.1 Basket Assembly Inside the MP 

Tables 17 through 22 present surface dose rates averaged over segments of the radial and axial 
surfaces of the 21-PWR WP (see Figures 4, 5, and 6 for segment locations). The WP contains the 
basket assembly.  

Table 17. Dose Rates on the Inner Surface of the Inner Shell: Bounding PWR SNF

K-I

Axial Location Gamma" Neutronb Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(remlh) Error (remlh) Error (rem/h) Error 

Segment 1 6.5877E+03 0.0331 7.3385E+00 0.0137 6.5950E+03 0.0331 
Segment 2 1.5935E+04 0.0267 1.2722E+01 0.0136 1.5947E+04 0.0267 
Segment 3 2.2217E+04 0.0190 2.3748E+01 0.0089 2.2241E+04 0.0190 
Segment 4 4.3278E+04 0.0083 5.3964E+01 0.0043 4.3332E+04 0.0083 

Segment 5 4.6468E+04 0.0080 6.7436E+01 0.0037 4.6536E+04 0.0080 
Segment 6 4.6887E+04 0.0080 6.8477E+01 0.0037 4.6955E+04 0.0080 
Segment 7 4.4414E+04 0.0081 6.7377E+01 0.0037 4.4481 E+04 0.0081 
Segment 8 4.6216E+04 0.0080 5.4960E+01 0.0042 4.6271E+04 0.0080 
Segment 9 3.0339E+04 0.0252 2.9516E+01 0.0122 3.0369E+04 0.0252

Page 28 of 46
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Table 18. Dose Rates on the InnerSurface of the Outer Shell: Bounding PWR SNF

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(rem/h) Error (remlh) Error (remlh) Error

Segment I 6.3766E+02 0.0436 3.3658E+00 0.0169 6.4103E+02 0.0434 

Segment 2 1.7493E+03 0.0375 6.0258E+00 0.0179 1.7553E+03 0.0374 

Segment 3 1.9677E+03 0.0271 1.1578E+01 0.0111 1.9793E+03 0.0269 

Segment 4 3.3709E+03 0.0121 2.6628E+01 0.0050 3.3975E+03 0.0120 

Segment 5 3.5530E+03 0.0118 3.3158E+01 0.0044 3.5861E+03 0.0117 

Segment 6 3.5251E+03 0.0118 3.3669E+01 0.0043 3.5588E+03 0.0117 

Segment 7 3.3951E+03 0.0121 3.3005E+01 0.0044 3.4281E+03 0.0120 

Segment 8 3.6357E+03 0.0118 2.7356E+01 0.0049 3.6630E+03 0.0117 

Segment 9 2.7274E+03 0.0384 1.3997E+01 0.0167 2.7414E+03 0.0382 

Table 19. Dose Rates on the WP Outer Radial Surface: Bounding PWR SNF 

Axial Location Gamma Neutron-- Total 

"- Dose Rate Relative Dose Rate, Relative Dose Rate Relative 
(remlh) Error (remlh) Error (remlh) Error 

Segment I 2.1261 E+02 0.0480 1.4306E+00 0.0166 2.1404E+02 0.0477 

Segment 2 6.0833E+02 0.0425 -2.6056E+00 0.0188 6.1093E+02 0.0423 

Segment 3 6.3316E+02 0.0315 5.1482E+00 0.0108 6.3831E+02 0.0312 

Segment 4 9.8058E+02 0.0147 1.2046E+01 0.0047 9.9263E+02 0.0145 

Segment 5 1.0388E+03 0.0143 1.4862E+01 0.0042 1.0537E+03 0.0141 

Segment 6 1.0239E+03 0.0142 1.5137E+01 0.0041 1.0390E+03. 0.0140 

Segment 7 9.8414E+02 0.0146 1.4905E+01 0.0042 9.9904E+02 0.0144 

Segment 8 1.0699E+03 0.0144 1.2318E+01 0.0046 1.0822E+03 0.0142 

Segment 9 8.9412E+02 0.0439 -6.0482E+00 0.0158' 9.0017E+02 0.0436
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Table 20. Dose Rates on a Radial Surface I m from the WP: Bounding PWR SNF 

Axial Location Gamma Neutron Total 
Dose Rate Relative Dose Rate Relative Dose Rate Relative 

(remlh) Error (remlh) Error (remlh) Error 

Segment 1 1.2649E+02 0.0249 1.2212E+00 0.0094 1.2771 E+02 0.0247 
Segment 2 1.7489E+02 0.0255 1.6506E+00 0.0106 1.7654E+02 0.0253 
Segment 3 2.2713E+02 0.0195 2.1220E+00 0.0075 2.2925E+02 0.0193 
Segment 4 3.1085E+02 0.0122 3.0847E+00 0.0039 3.1393E+02 0.0121 
Segment 5 3.5970E+02 0.0109 4.0257E+00 0.0033 3.6373E+02 0.0108 
Segment 6 3.6800E+02 0.0108 4.3073E+00 0.0032 3.7231E+02 0.0107 
Segment 7 3.6075E+02 0.0112 4.0280E+00 0.0033 3.6478E+02 0.0111 
Segment 8 2.9843E+02 0.0128 3.0013E+00 0.0039 3.0143E+02 0.0127 
Segment 9 2.1134E+02 0.0295 2.1623E+00 0.0127 2.1350E+02 0.0292 

Table 21. Dose Rates on a Radial Surface 2 m from the WP: Bounding PWR SNF 

Axial Location Gamma Neutron Total 
Dose Rate Relative Dose Rate Relative Dose Rate Relative 

(remlh) Error (remlh) Error (remlh) Error 
Segment I 8.9559E+01 0.0192 9.5328E-01 0.0078 9.0512E+01 0.0190 
Segment 2 1.1168E+02 0.0231 1.1377E+00 0.0095 1.1282E+02 0.0229 
Segment 3 1.3414E+02 0.0184 1.3055E+00 0.0072 1.3545E+02 0.0182 
Segment 4 1.6863E+02 0.0117 1.6335E+00 0.0041 1.7026E+02 0.0116 
Segment 5 2.0085E+02 0.0107 1.9927E+00 0.0036 2.0284E+02 0.0106 
Segment 6 2.0818E+02 0.0102 2.1178E+00 0.0035 2.1030E+02 0.0101 
Segment 7 2.0032E+02 0.0109 1.9944E+00 0.0036 2.0231E+02 0.0108 
Segment 8 1.5763E+02 0.0121 1.5827E+00 0.0041 1.5921 E+02 0.0120 
Segment 9 1.2258E+02 0.0288 1.3143E+00 0.0123 1.2389E+02 0.0285

'U-
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Table 22. Dose Rates on Segments of the Axial Surfaces: Bounding PWR SNF"

Surface Segment Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(rem/h) Error (rem/h) Error (remlh) Error 

Segment 14 1.0287E+04 0.0748 8.9274E+00 0.0357 1.0296E+04 0.0747 

Segment 15 1.1414E+04 0.0681 8.9805E+00 0.0312 1.1423E+04 0.0680 
Top of the WP cavity Segment 16 1.1035E+04 0.0582 8'4184E+00 0.0255 1.1044E+04 0.0582 

- (See Figure 5) Segment 17 7.8592E+03 0.0578 7.7124E+00 0.0220 7.8669E+03 0.0577 

Segment 18 7.4234E+03 0.0594 6.9999E÷00 0.0210 7,4304E+03 0.0593 

Segment 19 4.3328E+03 0.0650 6.3164E+00 0.0213 4.3391E+03 0.0649 

"Segment 14 8.0595E+02 0.1151 4.0465E+00 0.0458 8.1OOOE+02 0.1145 

Bottom of the outer Segment 20 9.8864E+02 0.0672 4.OOOOE+00 0.0286 9.9264E+02 0.0669 upper lid S g e t 2 (See Figure Segment21 7.2880E+02 0.0584 3.4559E+00 0.0236 7.3226E+02 0.0581 

Segment 22 3.2513E+02 0.0732 2.2543E+00 0.0298 3.2739E+02 0.0727 

Top of WP Segment 10 2.9210E+02 0.0698 1.7080E+00 0.0298 2.9381E+02 0.0694 

(See Figure 4) Segment 11 1.6032E+02 0.0592 1.1328E+00 0.0224 1.6145E+02 0.0588 

Segment 12 6.2105E+01 0.0349 6.2362E-01 0.0111 6.2728E+01 0.0346 
1 m from the WP top WP top surface - 8.3589E+01 0.0566 3.1502E-01 0.0228 8.3904E+01 0.0564 

(See Figure 4) Segment 13 2.3050E+01 0.0246 2.9580E-01 0.0075 2.3346E+01 0.0243 

2 m from the WP top WP top surface 4.3352E+01 0.0703 1.2710E-01 0.0350 4.3479E+01 0.0701 
(See Figure 4) Segment 13 1.3830E+01 0.0339 1.4924E-01 0.0099 1.3979E+01 0.0335 

Bottom of WP cavity 7 Segment 10 1.1857E+05 0.0189 7.7908E+01 0.0081 1.1864E+05 0.0189 

(See Figure 4) # Segment 108 6.7493E+04 0.0170 2.5792E÷01 0.0081 6.7519E+04 0.0170 

Bottom of inner lower Segment 10 1.6838E+03 0.0355 1.8015E+01 0.0126 1.7018E+03 0.0351 
lid (See Figure 4) # Segment 

1 0 b 9.4299E+02 0.0285 1.0543E+01 0.0105 9.5353E+02 0.0282 

Segment 14 3.9305E+02 0.0787 7.8112E+00 0.0278 4.0086E+02 0.0772 
Bottom of WP . Segdment 20 4.6951E+02 0.0485 7.0439E+00 0.0178 4.7656E+02 0.0478 

(See Figures 4 and 6) Segment 11 2.3810E+02 0.0360 4.0395E+00 0.0129 2.4214E+02 0.0354 

_" Segment 12 1.4410E+02 0.0247 1.7803E+00 0.0075 1.4588E+02 0.0244 

Surface 1 m from the WP bottom surface 1.2402E+02 0.0347 1.1952E+00 0.0120 1.2521E+02 0.0344 ,WP bottom - -(See Figure4) .. Segment 13 3.5535E+01 0.0175 6.4069E-01 0.0054 3.6175E+01 0.0172, 

Surface 2 m'from the -WP bottom surface 5.6697E+01 0.0451 4.6232E-01 0.0185 5.7159E+01 0.0447 
WP bottom 

(See Figure 4) Segment 13 2.1279E+01 0.0229 3.4441E-01 0.0068 2.1623E+011 0.0225 

NOTE: * The segment outside Segment 10 and delimited by the radius of the WP cavity.  
b The segment outside Segment 10 and delimited by the inner surface of the outer shell.

.-Waste Packagye Proj ect Calculation
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6.1.2 No Basket Assembly Inside the WP 

Tables 23 through 28 present surface dose rates averaged over segments of the radial and axial 
surfaces of the 21-PWR WP (see Figures 4, 5, and 6 for segment locations). The WP basket 
assembly is neglected.  

Table 23. Dose Rates on the Inner Surface of the Inner Shell: Bounding PWR SNF, No Basket

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(remlh) Error (remih) Error (remlh) Error 

Segment I 2.8472E+04 0.0182 1.5853E+01 0.0103 2 8488E+04 0.0182 
Segment 2 4.8562E+04 0.0177 2.3317E+01 0.0106 4.8585E+04 0.0177 
Segment 3 7.3327E+04 0.0117 3.5146E+01 0.0075 7.3362E+04 0.0117 
Segment 4 1.2079E+05 0.0056 7.0632E+01 0.0038 1.2086E+05 0.0056 
Segment 5 1.2836E+05 0.0055 9.0366E+01 0.0034 1.2845E+05 0.0055 
Segment 6 1.2808E+05 0.0055 9.3491E+01 0.0033 1.2817E+05 0.0055 
Segment 7 1.2852E+05 0.0055 9.1498E+01 0.0034 1.2861 E+05 0.0055 
Segment 8 1.1996E+05 0.0055 7.3992E+01 0.0038 1.2004E+05 0.0055 
Segment 9 7.8954E+04 0.0173 4.4752E+01 0.0102 7.8999E+04 0.0173 

Table 24. Dose Rates on the Inner Surface of the Outer Shell: Bounding PWR SNF, No Basket 

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(rem/h) Error (remlh) Error (rem/h) Error 

Segment I 2.4730E+03 0.0232 6.6649E+00 0.0134 2.4797E+03 0.0231 
Segment 2 4.7447E+03 0.0227 1.0152E+01 0.0144 4.7548E+03 0.0227 
Segment 3 6.4571E+03 0.0154 1.5906E+01 0.0096 6.4730E+03 0.0154 
Segment 4 9.1288E+03 0.0074 3.3948E+01 0.0045 9.1627E+03 0.0074 
Segment 5 9 2883E+03 0.0073 4.3281E+01 0.0040 9.3316E+03 0.0073 
Segment 6 9.2021E+03 0.0073 4 4589E+01 0.0039 9.2466E+03 0.0073 
Segment 7 9.3455E+03 0.0073 4.3726E+01 0.0039 9.3892E+03 0.0073 
Segment 8 9.1 127E+03 0.0075 3.5348E+01 0.0044 9.1480E+03 0.0075 
Segment 9 7.0661E+03 0.0242 2.0323E+01 0.0139 7.0864E+03 0.0241

'-I
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Table 25. Dose Rates on the WP Outer Radial Surface: Bounding PWR SNF, No Basket 

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(rem/h) - Error (remih) Error (remlh) Error 

Segment I 8.2257E+02 0.0261 2.9195E+00, 0.0125 8.2548E+02 0.0260 
"Segment 2 1.6479E+03 0.0257 4.6997E+00 0.0144 1.6526E+03 0.0256 
"Segment 3 2.1271E+03 0.0178 7.2166E+00 0.0092 2.1343E+03 0.0177 
Segment 4 2.6652E+03 0.0089 .1.5606E+01 0.0043 2.6808E+03 0.0088 
Segment 5 2.6964E+03 0.0087 1.9876E+01 0.0037 2.7163E+03 -0.0086 
Segment 6 2.6503E+03 0.0087 2.0218E+01 0.0037 2.6705E+03 0.0086 
Segment 7 2.6928E+03 0.0087 - 1.9979E+01 0.0037 2.7128E+03 -0.0086 
Segment 8 2.6774E+03 0.0089 1.6290E+01 0.0042 2.6937E+03 0.0088 
Segment 9 2.3162E+03 0.0281 9.2463E+00 0.0143 2.3254E+03 0.0280 

Table 26. Dose Rates on a Radial Surface I m from the WP: Bounding PWR SNF, No Basket 

Axial Location Gamma Neutron Total 
Dose Rate Relative Dose Rate Relative Dose Rate Relative 

(rem/h) Error (rem/h) Error (rem/h) Error 
Segment I 3.9102E+02 0.0141 1.7270E+00 0.0081 3.9275E+02 0.0140 
Segment 2 5.1765E+02 0.0148 2.3147E+00 0.0092 5.1996E+02 0.0147 
Segment 3 6.4614E+02 0.0118 2.8991E+00 0.0066 6.4904E+02 0.0117 
Segment 4 8A277E+02 0.0074 4.1310E+00 0.0035 8.4690E+02 0.0074 
Segment 5 9.5402E+02 0.0067 5.3537E+00 0.0030 9.5938E+02 0.0067 
Segment 6 9.6447E+02 0.0065 5.7627E+00 0.0029 9.7023E+02 0.0065 
Segment 7 9.3652E+02 0.0067 5.3291E+00 0.0030 9.4185E+02 0.0067 
Segment 8 7.6794E+02 0.0078 4.0424E+00 0.0035 7.7198E+02 0.0078 
Segment 9 5.6561 E+02 0.0200 2.9492E+00 0.0112 5.6856E+02 0.0199
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Table 27. Dose Rates on a Radial Surface 2 m from the WP: Bounding PWR SNF, No Basket 

Axial Location Gamma Neutron Total 
Dose Rate Relative Dose Rate Relative Dose Rate Relative 

(rem/h) Error (rem/h) Error (remlh) Error 

Segment I 2.6330E+02 0.0118 1.2983E+00 0.0069 2.6460E+02 0.0117 
Segment 2 3.1362E+02 0.0143 1.5311E+00 0.0085 3.1515E+02 0.0142 
Segment 3 3.6561E+02 0.0106 1.7514E+00 0.0064 3 6736E+02 0.0105 
Segment 4 4.5438E+02 0.0071 2.1981E+00 0.0036 4.5658E+02 0.0071 
Segment 5 5.3030E+02 0.0065 2.6713E+00 0.0032 5.3297E+02 0.0065 
Segment 6 5.4980E+02 0.0063 2.8228E+00 0.0031 5.5262E+02 0.0063 
Segment 7 5.0886E+02 0.0066 2.6505E+00 0.0032 5.1151E+02 0.0066 
Segment 8 4.1060E+02 0.0075 2.1368E+00 0.0037 4.1274E+02 0.0075 
Segment 9 3.2849E+02 0.0191 1.7882E+00 0.0109 3.3028E+02 0.0190

Calculqf;nn
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Table 28. Dose Rates on Segments of the Axial Surfaces: .Bounding PWR SNF, No Basket 

Gamma - Neutron Total,` 

Surface Segment Dose Rate Relative Dose Rate Relative Dose Rate Relative 
I_ I ___ __ -- (remlh) Error- (rem/h) - Error (remlh) Error 

Segment 14 3.6020E+04 '0.0415 " 1.7504E+01 0.0250 3.6037E+04 0.0415 

Segment 15 3.5432E+04 0.0376 1.6693E+01 0.0209 3.5449E+04 0.0376 
Top of the WP cavity Segment 16 3.1165E+04 0.0334- 1.5870E+01 0.0170 3.1180E+04 0.0334 

(See Figure 5) Segment 17 2.6872E+04 0.0314 1.6142E+01 0.0174 2.6889E+04 0.0314 

Segment 18 2.6201E+04 0.0296 1.4995E+01 0.0156 2.6215E+04 0.0296 
Segment 19 2.3091E+04 0.0282 1.4685E+01 0.0139 2.3105E-04 0.0282 

Segment 14 3.1671E+03 0.0641 8.8197E+00 0.0398 3.1759E+03 0.0639 
Bottom of the outer Segment 20 2.9101 E+03 -0.0370 8.5763E+00 --0.0220 2.9186E+03 -0.0369 upper lid uppe ide Segment 21 2.1535E+03 0.0327- 7.4794E*00 0.0177 2.1610E+03 0.0326 

(See Figure 6)_I 
. Segment 22 - 1.4723E+03 --0.0371 - 5.4538E+00 0.0214 1.4778E+03 0.0370 

"Top of WP Segment 10 9.2903E+02 0.0400 3.5739E+00 -0.0217 9.3260E+02 0.0398 
(See Figure 4) 'Segment 11 5.0145E+02 -0.0310 2.6328E+00 - 0.0155- 5.0408E+02 0.0308 

- Segment 12 2.4799E+02 0.0210 1.0612E+00 - 0.0097- 2.4905E+02 0.0209 

1 m from the WP top WP top surface 2.3184E+02 0.0321 7.1204E-01 - 0.0162- 2.3256E+02 0.0320 
- (See Figure 4) Segment 13 - 7.7448E+01 -0.0142 4.8035E-01 - 0.0063 - 7.7928E+01 0.0141 

2 m from the WP top WP top surface 1.0479E+02 0.0392 2.9464E-01 0.0244 - 1.0508E+02 0.0391 
(See Figure 4) Segment 13 4.6329E+01 -0.0193 2.5538E-01 0.0080- 4.6584E+01 0.0192 

Bottom of WP cavity -Segment 10, 1.8324E+05 0.0153 1.1248E+02 0.0067 1.8336E+05 0.0153 
(See Figure 4) # Segment 10' 1.0021E+05 0.0142 -. 2.9898E+01 0.0066- 1.0024E+05 0.0142 

Bottom of inner lower Segment 10 2.0679E+03 0.0309 2.2935E+01 0.0113 2.0908E+03 0.0306 
"-- lid (See Figure 4) - # Segment 1 0 b 1.2541E+03 0.0241 1.4183E+01 0.0093 1.2682E+03 0.0238 

---------- segment 14 5.8124E+02 0.0721- 9.9708E+00 0.0255- 5.9121E+02 0.0709 

Bottom of WP ...... Segment 20 - 5.1550E+02 .0.0457., 9.2230E+00 .0.0155 5.2472E+02 0.0449 

(See Figures 4"and 6) ---Segment 11- - 3.0678E+02 -0.0311- 5.4329E+00 -0.0106 3.1221E+02 0.0306 

-... .. Segment 12 - 3.7256E+02 0.0154 2.4583E+00 0.0065 3.7501E+02 0.0153 

Surface 1 m from the WP bottom surface 1.4620E+02 -0.0304 1.5652E+00 - 0.0107 1.4777E+02 -0.0301 
WP bottom 

(See Figure 4) Segment 13 7.6153E+01 0.0114 -8.7358E-01 0.0048 7.7027E+01 0.0113 

- Surface 2 m from the WP bottom siurface 6.6501E+01 0.0396 6.0111E-01 0.0166 6.7102E+01 0.0392' 
WPbottom 

(See Figure 4) Segment 13 3.5157E+01 0.0161- 4.6829E-01 0.0060 3.5626E+01 0.0159

NOTE: I The segment outside Segment 10 and delimited by the radius of the WP cavity.b The segment outside Segment 10 and delimited by the inner surface of the outer shell.
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6.2 HYPOTHETICAL BOUNDING SOURCE 

Tables 29 through 34 present surface dose rates averaged over segments of the WP radial and axial 
surfaces for a hypothetical PWR SNF (see Figures 4, 5, and 6 for segment locations). The source 
terms have the following characteristics: 5.5-wt% initial 23U, 75.0-GWd/MTU burnup, and a 5-year 
decaytime for the active fuel, and 0.71 1-wt% initial 235U, 75.0-GWd/MTU burnup, and a 5-year 
decay time for the hardware. These source terms generate conservative (higher) surface dose rates 
for the hardware regions. The WP contains the basket assembly inside.  

Table 29. Dose Rates on the Inner Surface of the Inner Shell: Hypothetical PWR SNF

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(rem/h) Error (rem/h) Error (remih) Error 

Segment I 1.0820E+04 0.0256 7.3385E+00 0.0137 1.0828E+04 0.0256 
Segment 2 2.3793E+04 0.0212 1.2722E+01 0.0136 2.3805E+04 0.0212 
Segment 3 2.9800E+04 0.0165 2.3748E+01 0.0089 2.9824E+04 0.0165 
Segment 4 4.3890E+04 0.0083 5.3964E+01 0.0043 4.3944E+04 0.0083 
Segment 5 4.6422E+04 0.0080 6.7436E+01 0.0037 4.6490E+04 0.0080 
Segment 6 4.6849E+04 0:0081 6.8477E+01 0.0037 4.6917E+04 0.0081 

Segment 7 4.4453E+04 0.0081 6.7377E+01 0.0037 4.4520E+04 0.0081 
Segment 8 4.7264E+04 0.0079 5.4960E+01 0.0042 4.7319E+04 0.0079 
Segment 9 3.9690E+04 0.0221 2.9516E+01 0.0122 3.9720E+04 0.0221 

Table 30. Dose Rates on the Inner Surface of the Outer Shell: Hypothetical PWR SNF 

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative (remlh) Error (remlh) Error (rem/h) Error 

Segment 1 1.0476E+03 0.0347 3.3658E+00 0.0169 1.0509E+03 0.0346 
Segment 2 2.7438E+03 0.0300 6.0258E+00 0.0179 2.7498E+03 0.0299 
Segment 3 2.8639E+03 0.0230 1.1578E+01 0.0111 2.8754E+03 0.0229 

Segment 4 3.4319E+03 0.0121 2.6628E+01 0.0050 3.4585E+03 0.0120 

Segment 5 3.5528E+03 0.0118 3.3158E+01 0.0044 3.5860E+03 0.0117 

Segment 6 3.5222E+03 0.0118 3.3669E+01 0.0043 3.5559E+03 0.0117 

Segment 7 3.3986E+03 0.0121 3.3005E+01 0.0044 3.4316E+03 0.0120 
Segment 8 3.7543E+03 0.0117 2.7356E+01 0.0049 3.7817E+03 0.0116 
Segment 9 3.8148E+03 0.0335 1.3997E+01 0.0167 3.8288E+03 0.0334

'-/

Waste Package Project Calculation

Page 36 of 46



Waste Package Project 

Title: Dose Rate Calculation for the 21-PWR U.CF Waste Package 
Document Identifier: CAL-UDC-NU-000002 REV 01 .

Calculation 

Page 37 of 46

Table 31. Dose Rates'on the WP Outer Radial Surface: Hypothetical PWR SNF

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(remrh) Error (remrh) Error (rem/h) Error 

Segment 1' 3.4524E+02 0.0387 "1.4306E+00 0.0166 3.4667E+02 '0.0385 

Segment 2 '9.6981 E+02 0.0341 2.6056E+00 - 0.0188 9.7242E+02 0.0340 

Segment 3 - 9.3571E+02 0.0266 5.1482E+00 " 0.0108 9.4085E+02 0.0265 

Segment4 1.0013E+03 0.0147 1.2046E+01 0.0047 1.0134E+03 0.0145 

Segment 5 1.0398E+03 0.0143 1.4862E+01 0.0042 1.0546E+03 0.0141 

,Segment 6 1.0235E+03 0.0142 1.5137E+01 0.0041 .1.0386E+03 0.0140 

Segment 7 9.8526E+02 0.0146 1.4905E+01 0.0042 1.0002E+03 0.0144 

":zSegment8 , 1.1113E+03 0.0142 1.2318E+01 0.0046 1.1236E+03 0.0140 

Segment 9 1.2847E+03, 0.0385 6.0482E+00 0.0158 - 1.2908E+03' 0.0383 

Table 32. Dose Rates on a Radial Surface I m from the WP: Hypothetical PWR SNF 

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(rem1h) Error (remih) Error (rem/h) Error 

Segment 1 1.6773E+02 0.0218 1.2212E+00 0.0094 1.6895E+02 0.0216 

Segment 2 2.2517E+02 0.0238 1.6506E+00 0.0106 2.2682E+02 0.0236 

Segment 3 2.7372E+02 0.0182 2.1220E+00 0.0075 2.7584E+02 0.0181 

Segment 4 3.3980E+02 0.0118 3.0847E+00 0.0039 3.4289E+02 0.0117 

Segment 5 3.6N48E+02 0.0109 4.0257E+00 0.0033 3.7050E+02 0.0108 

Segment 6 3.7057E+02 0.0108 4.3073E+00 0.0032 3.7487E+02 0.0107 

Segment 7 3.6630E+02 0.0111 4.0280E+00 0.0033 3.7033E+02 0.0110 

Segment 8 3.1454E+02 0.0127 3.0013E+00 0.0039 3.1754E+02 0.0126 

Segment 9 2.3131E+02 0.0288 2.1623E+00 0.0127 2.3347E+02 0.0285
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Table 33. Dose Rates on a Radial Surface 2 m from the WP: Hypothetical PWR SNF

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(rem/h) Error (remlh) Error (rem/h) Error 

Segment I 1.0543E+02 0.0183 9.5328E-01 0.0078 1.0639E+02 0.0181 
Segment 2 1.3069E+02 0.0220 1.1377E+00 0.0095 1.3183E+02 0.0218 

Segment 3 1.5366E+02 0.0174 1.3055E+00 0.0072 1.5497E+02 0.0173 
Segment 4 1.8328E+02 0.0114 1.6335E+00 0.0041 1.8491E+02 0.0113 
Segment 5 2.0931E+02 0.0106 1.9927E+00 0.0036 2.1130E+02 0.0105 
Segment 6 2.1373E+02 0.0101 2.1178E+00 0.0035 2.1585E+02 0.0100 
Segment 7 2.0593E+02 0.0108 1.9944E+00 0.0036 2.0793E+02 0.0107 
Segment 8 1.6495E+02 0.0120 1.5827E+00 0.0041 1.6653E+02 0.0119 
Segment 9 1.2998E+02 0.0286 1.3143E+00 0.0123 1.3130E+02 0.0283



NOTE: aThe segment outside Segment 10 and delimited by the radius of the WP cavity.  
b The segment outside Segment 10 and delimited by the inner surface of the outer shell.
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Table 34. Dose Rates on Segments of the Axial Surfaces: Hypothetical PWR SNF 

Gamma Neutron . Total 

Surface- Segment Dose Rate Relative Dose Rate Relative Dose Rate Relativ 
(rem/h) Error (rem/h) Error (rem/h) e Error 

Segment 14 1.6939E+04 0.0590 8.9274E+00 0.0357 1.6948E+04 0.0590 

Segment 15 1.8944E+04 0.0527 8.9805E+00 0.0312 1.8953E+04 0.0527 

Top of the WP cavity Segment 16 1.8202E+04 0.0444 8.4184E+00 0.0255 1.8210E+04 0.0444 

(See Figure 5)- Segment 17 1.3169E+04 0.0463 7.7124E+00 0.0220 1.3177E+04 0.0463 

Segment 18 1.2351E+04 0.0485 6.9999E+00 0.0210 1.2358E+04 0.0485 

_ _ Segment 19 7.2536E+03 0.0531 6.3164E+00 0.0213 7.2599E+03 0.0531 

'Segment 14 C 1.3209E+03 0.0901 4.0465E+00 0.0458 1.3249E+03 0.0898 

Bottom of the outer Segment 20 1.6123E+03 0.0519 4.00002+00 0.0286 1.6163E+03 0.0518 
-upper lid 

(Se Fuper l Segment 21 1.1904E+03 0.0463 3.4559E+00 0.0236 1.1939E+03 0.0462 
( F eSegment 22 5.6902E+02 0.0593 2.2543E+00 0.0298 5.7127E+02 0.0591 

Top of WP Segment 10, 4.7389E+02 0.0555 1.7080E+00 0.0298 4.7560E+02 0.0553 

(See Figure 4) Segment 11 2.5816E+02 0.0460 1.1328E400 0.0224 2.5929E+02 0.0458 

___...._ Segment 12 9.0831E+01 0.0298 6.2362E-01 0.0111 9.1454E+01 0.0296 

1 m from the WP top WP top surface 1.3174E+02 0.0450 3.1502E-01 0.0228 1.3205E+02 0.0449 

, (See Figure 4) .Segment 13 3.3052E+01 0.0218 2.9580E-01 0.0075 3.3348E+01 0.0216 

2 m from the WP top WP top surface 6.7609E+01 0.0575 1.2710E-01 0.0350 6.7736E+01 0.0574 

(See Figure 4) Segment 13 2.1250E+01 0.0289 1.4924E-01 0.0099 2.1399E+01 0.0287 

Bottom of WP cavity Segment 10 1.8666E205 -0.0159 7.7908E+01 0.0081 1.8674E+05 0.0159 

(See Figure 4) # Segment 101 .. 1.0610E+05 0.0141 2.5792E+01 0.0081 1.0613E+05 0.0141 

Bottom of inner lower lid 'Segment 10 2.5715E+03 0.0289 1:8015E+01 0.0126 2.5895E+03 0.0287 

(See Figure 4) # Segment 10b 1.4798E+03 0.0232 1.0543E+01 0.0105 1.4903E+03 0.0230 

'Segment 14 6.1087E+02 0.0663 7.8112E+00 0.0278 6.1868E+02 0.0655 

Bottom of WP Segment 20 " 7.2222E+02 0.0391 7.0439E+00 0.0178 7.2927E+02 0.0387 

(See Figures 4 and 6) 'Segment 11 3.7737E+02 0.0293 4.0395E+00 0.0129 3.8141E+02 0.0290 

" Segment 12 1-.6716E+02 0.0239 1 .7803E+00 0.0075 1.6894E+02 0.0236 

Surface I m from the WP bottom surface 1.9024E+02 0.0285 1.1952E+00 0.0120 1.9143E+02 0.0283 
_WP bottom 7 E0 
W(eeFiur 4)... Segment 13 4.4843E+01 0.0161 6.4069E-01 0.0054 4.5484E+01 0.0159 -_(See Figure 4) .... . .. . ... .. 6A 

Surface 2 m from the WP bottom surface 8.6245E+01 0.0374 4.6232E-01 0.0185 8.6707E+01 0.0372 
WP bottom 

(See Figure 4) Segment 13 3.0210E+01 0.0201 3.4441E-01 0.0068 3.0555E+01 0.0199

S. Calculation
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6.3 AVERAGE SOURCE 

Tables 35 through 40 present surface dose rates averaged over segments of radial and axial surfaces 
of the WP containing the PWR SNF with the following characteristics: 4.0-wt% initial nSU, 48.0
GWd/MTU burnup, and a 21-year decay time (see Figures 4, 5, and 6 for segment locations). The 
WP contains the basket assembly inside.  

Table 35. Dose Rates on the Inner Surface of the Inner Shell: Average PWR SNF

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(rem/h) Error (rem/h) Error (remih) Error 

Segment 1 6.4071E+02 0.0381 1.1672E+00 0.0143 6.4187E+02 0.0380 
Segment 2 1.7478E+03 0.0287 2.0171E+00 0.0138 1.7498E+03 0.0287 
Segment 3 3.2348E+03 0.0172 3.7777E+00 0.0091 3.2385E+03 0.0172 
Segment 4 8.6028E+03 0.0062 8.4802E+00 0.0043 8.6112E+03 0.0062 

Segment 5 9.4102E+03 0.0061 1.0393E+01 0.0038 9.4206E+03 0.0061 

Segment 6 9.5141 E+03 0.0061 1.0622E+01 0.0038 9.5247E+03 0.0061 
Segment 7 9.0752E+03 0.0062 1.0378E+01 0.0038 9.0856E+03 0.0062 
Segment 8 9.2268E+03 0.0061 8.6192E+00 0.0043 9.2354E+03 0.0061 
Segment 9 4.7992E+03 0.0227 4.6195E+00 0.0125 4.8038E+03 0.0227 

Table 36. Dose Rates on the Inner Surface of the Outer Shell: Average PWR SNF 

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(rem/h) Error (rem/h) Error (remlh) Error 

Segment I 6.3278E+01 0.0508 5.2729E-01 0.0181 6.3805E+01 0.0504 
Segment 2 1.6628E+02 0.0422 9.3010E-01 0.0184 1.6721E+02 0.0420 
Segment 3 2.5671E+02 0.0252 1.8145E+00 0.0114 2.5852E+02 0.0250 

Segment 4 6.1094E+02 0.0092 4.2068E+00 0.0051 6.1514E+02 0.0091 

Segment 5 6.5053E+02 0.0089 5.1237E+00 0.0046 6.5566E+02 0.0088 
Segment 6 6.5587E+02 0.0089 5.2092E+00 0.0045 6.6108E+02 0.0088 
Segment 7 6.3421 E+02 0.0090 5.1183E+00 0.0046 6.3932E+02 0.0089 

Segment 8 6.4939E+02 0.0090 4.2535E+00 0.0051 6.5364E+02 0.0089 
Segment 9 3.8586E+02 0.0345 2.1790E+00 0.0166 3.8804E+02 0.0343

K-I
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Table 37. Dose Rates on the WP Outer Radial Surface: Average PWR SNF

Axial Location Gamma - Neutron *Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(remlh), Error (rem/h) Error (rem/h) Error 

Segment I '2.1114E+01 0.0569 '2.2931E-01 0.0175 2.1344E+01 " 0.0563 

Segment 2, 5.8748E+01 0.0489 4.1322E-01 0.0190 - 5.9161E+01 0.0486 

Segment 3 7.8494E+01 0.0297 8.1307E-01 0.0111 - ---7.9307E+01 0.0294 

Segment 4 " '1.6445E+02 0.0112 1.8815E+00 0.0048-- 1.6633E+02 ' 0.0111 

Segment 5 1.7404E+02 0.0107 2.2848E+00 0.0043 1.7632E+02 0.0106 

Segment 6 1.7615E+02 0.0107 2.3235E+00 0.0042 - 1.7847E+02 0.0106 

Segment 7 1.7106E+02 ' 0.0108 2.2877E+00 0.0043 1.7334E+02 -0.0107 

Segment 8 1.7698E+02 0.0108 1.9289E+00 0.0048 1.7890E+02 0.0107 

Segment 9 1.1 587E+02 0.0413 - 9.8920E-01 0.0177 1.1686E+02',; 0.0410 

Table 38. Dose Rates on a Radial Surface 1 m from the WP: Average PWR SNF 

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(remlh) Error (remlh) Error (rem/h) Error 

Segment I 1.6346E+01 0.0225 1.8969E-01 0.0098 1.6535E+01 0.0222 

Segment 2 2.4576E+01 0.0217 2.6074E-01 0.0110 2.4836E+01 0.0215 

Segment 3 3.3185E+01 0.0159 3.3109E-01 0.0078 3.3516E+01 0.0157 

Segment 4 5.0121E+01 0.0094 4.8259E-01 0.0040 5.0604E+01 0.0093 

Segment 5 6.0437E+01 0.0083 6.2404E-01 0.0034 6.1061E+01 0.0082 

Segment 6 6.2701E+01 0.0079 6.6373E-01 0.0033 6.3365E+01 0.0078 

Segment 7 6.1308E+01 0.0083 6.2190E-01 0.0034 6.1930E+01 0.0082 

Segment 8 4.9022E+01 0.0096 4.6804E-01 0.0041 4.9490E+01 0.0095 

Segment 9 3.4005E+01 0.0226 3.3621E-01 0.0132 3.4341E+01 0.0224
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Table 39. Dose Rates on a Radial Surface 2 m from the WP: Average PWR SNF

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(remlh) Error (remlh) Error (remlh) Error 

Segment I 1.3229E+01 0.0161 1.4785E-01 0.0082 1.3376E+01 0.0159 

Segment 2 1.7257E+01 0.0185 1.7540E-01 0.0100 1.7433E+01 0.0183 

Segment 3 2.0562E+01 0.0148 2.0182E-01 0.0075 2.0764E+01 0.0147 

Segment 4 2.7365E+01 0.0090 2.5361E-01 0.0042 2.7619E+01 0.0089 

Segment 5 3.3287E+01 0.0080 3.0994E-01 0.0037 3.3597E+01 0.0079 

Segment 6 3.5288E+01 0.0077 3.2733E-01 0.0036 3.5616E+01 0.0076 

Segment 7 3.3287E+01 0.0081 3.0762E-01 0.0038 3.3595E+01 0.0080 

Segment 8 2.6232E+01 0.0091 2.4828E-01 0.0043 2.6480E+01 0.0090 

Segment 9 1.9513E+01 0.0222 2.0291E-01 0.0130 1.9716E+01 0.0220

,U



I NOTE: " The segment outside Segment 10 and delimited by the radius of the WP cavity.  
b The segment outside Segment 10 and delimited by the inner surface of the outer shell.
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Table 40. Dose Rates on Segments of the Axial Surfaces: Average PWR SNF 

Surface Segment Gamma Neutron . Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
_,,(remlh) ,Error , (rem/h) - , Error, (rem/h) , Error 

Segment 14 , 1.2384E+03 0.0791 1.4379E+00 0.0323 1.2398E+03 0.0790 

Segment 15 1.0065E+03 0.0780 1.4738E+00 0.0318 1.0080E+03 0.0779 
Top of the WP cavity . Segment 16 1.0838E+03 0.0640 1.3657E+00 0.0271. 1.0852E+03 0.0639 

(See Figure 5) - ,Segment 17 7.6861E+02 0.0817 1.2015E+00 0.023817.6982E+02 0.0816 

Segment 18 6.9977E+02 0.0643 1.1801E+00 0.0226 7.0095E+02 0.0642 
Segment 19 4.5093E+02 0.0707 9.5332E-01 0.0233 4.5188E+02 0.0706 

Segment 14 1.0557E+02 0.1152 7.0742E-01 0.0528 1.0628E+02 0.1144 
Bottom of the outer Segment 20 8.7727E+01 0.0795 6.3960E-01 0.0297. 8.8366E+01 0.0789 

upper lid Segment 21 6.7886E+01 0.0667 5.4583E-01 0.0245 6.8432E+01 0.0662 
(See Figure 6).- Segment 22 '3.0679E+01 0.0874 3.6829E-01 0.0320 3.1047E+01 0.0864 

Top of WP - Segment 10 3.0467E+01 ,0.0791 2.7165E-01 0.0329 3.0739E+01 0.0784 
(See Figure 4) " "Segment 11 1.3836E+01 0.0663 1.7467E-01 '0.0211 1.4010E+01 0.0655 

Segment 12 7.1895E+00 0.0351 9.8137E-02 0.0118 7.2877E+00 0.0346 

1 m from the WP top WP top surface 8.4382E+00 0.0623 4.8245E-02 0.0238 8.4865E+00 0.0619 (See Figure 4) Segment 13 2.7893E+00 0.0230 4.6412E-02 0.0078 2.8357E+00 0.0226 

2 m from the WP top WP top surface 4.2112E+00 0.0752 1.9957E-02 0.0362 4.2311E+00 0.0748 
(See Figure 4) Segment 13 1.5511E+00 0.0335 2.3453E-02 0.0103 1.5745E+00 0.0330 

Bottom of WP cavity Segment 10 1.4068E+04 0.0176 1.2052E+01 0.0083 1.4080E+04 0.0176 
(See Figure 4) # Segment 10a 8.0525E+03 0.0161 4.0046E+00 0.0082 8.0565E+03 0.0161 

Bottom of inner lower Segment 10 ,1.7072E÷02 f0.0364 2.8501E+00 '0.0131 1.7357E+02 0.0358 
lid (See Figure 4) 

# Segment lOb 1.0243E+02 0.0298 1.6737E+00 0.0109 1.0410E+02 0.0293 
Segment 14 4.2094E+01 0.0889 1.2499E+00 0.0280 4.3344E+01 0.0863 

Bottom of WP Segment 20 4.5341E+01 0.0507 1.1318E+00 0.0177 4.6473E+01 0.0495 
(See Figure 4 and 6) Segment 11. 2.5198E+01 0.0383 6.2965E-01 0.0126 2.5828E+01 0.0374 

_ _ Segment 12' 2.1645E+01 0.0198, 2.7888E-01 0.0077, 2.1924E+01 0.0195 
Surface I m from the WP bottom surface 1.2102E+01 0.0373 1.8850E-01 0.0124 1.2290E+01 0.0367 

WP bottom 
(See Figure 4) Segment 13 4.8586E+00 0.0148 9.9952E-02 0.0056 4.9586E+00 0.0145 

Surface 2 m from the WP bottom surface 5.5744E+00 0.0493 7.1209E-02 0.0193 5.6456E+00 0.0487 
WP bottom Segment 13 2.5247E-i-00 -0.0212 5.4372E-02 0.0070 2.5791E+00 0.0208 

(SeeFigure 4) __________
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8. ATTACHMENTS 

The attachments of this calculation are listed in Table 41. Electronic output files are provided on 
a compact disk, and are listed in Table 42. Each output file is identified by its name, size (in bytes), 
and the date and time of last access. The input files used are echoed in the output files. It should 
be noted that for files transferred from the HP to the personal computer, the date and time will reflect 
the time of transfer. The actual date and time of run completion can be found in the file.  

Table 41. List of Attachments

Description Attachment No. of Pages 
Number 

Atomic density calculation for the homogenized assembly regions I 8 

Total source intensity and source region fractions II 2 

SK-0219 REV 01 III 10 
21-PWR Waste Package Concept for License Application (selected sheets) 

MCNP electronic output files (compact disk) IV N/A 

Table 42. File Attributes for the Contents of Electronic Media 

File Name Calculation File Size (bytes) File Date File Time 

abg.io Gamma dose rates for the WP containing the average 260.341 01/1612001 2:16 p.m.  
PWR SNF source 

abn.io Neutron dose rates for the WP containing the average 227,347 01/1612001 9:56 a.m.  
PWR SNF source 

bbg.io Gamma dose rates for the WP containing bounding PWR 256,122 01/16/2001 9:56 a.m.  
SNF source for the active fuel region 

bbn.io Neutron dose rates for the WP containing bounding PWR 227,821 01/16/2001 9:56 a.m.  
SNF source for the active fuel region 

b2bg.io Gamma dose rates for the WP containing the bounding 249,736 01/16/2001 9:56 a.m.  
PWR SNF source for the hardware regions 

bg.io Gamma dose rates for the WP containing bounding PWR 173,658 01/16/2001 9:56 a.m.  
SNF source (basket assembly neglected) 

bn.io Neutron dose rates for the WP containing bounding PWR 157,007 01/16/2001 9.56 a.m.  
SNF source (basket assembly neglected)

NOTE: The MCNP output files listed in the table are text files.



S Component . .. . Material Mass (kg) .  
Bottom nozzle . SS CF3M .... 8.16 
Spacer-bottom ... Inconel-718 -..1.3 

Lower nut SS304 -.... 0.15.  
-Total -. ... - 9.61

Table 1-2. Element Mass by Material 

SS CF-3M Inconel-718 - SS 304 -.  

Element , wt/o Mass (g) Element &wt% Mass (g) Element - wt% - Mass (g) 

-C -- 0.03-- 2.448 Ni - 51.5---- 669.5-, - - C -0.08 " 0.12 
Mn , 1.5 122.4 Cr . 19 -247,-- Cr _19 28.5 
Si 2 163.2 Fe - 17.809 231.517 Ni 9.25 13.875 

.Cr 19 1550.4- Nb ,5.125 66.625 Mn -2 - 3 
- Ni . 10 816 Mo 3.05 39.65 ---P -0.045 0.0675 
-Mo 2.5 204- Ti- 0.9 11.7 s 0.03 .. 0.045 

Fe 64.97 5301.552 Al 0.5 -6.5- - -Si 0.75 --1.125 
Total 100 8160 Co 1 13 N - 0.1 - 0.15 

Mn 0.35 4.55 Fe 68.495 102.7425 
-. __ Si -* 0.35 ,4.55 Total 100 ;-150 

.Cu 0.3 3.9, 
C 0.08 1.04 _ __ _ 

S 0.015 0.195 

P 0.015 0.195 o 
B 0.006 0.078 

_.. .. Total , 100. 1300 _, - _

CAL-UDC-NU-000002 REV 01 
Attachment I, Page I-I 

This attachment presents the atomic density calculations for the homogenized assembly regions 
using Equations 1 and 2 in Section 5.2.3. .  

1. 'Bottom End-Fitting Region .. . . ...........  

Table I-1. Total Mass by Material in the Bottom End-Fitting Region

I
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Table 1-3. Atomic Density by Element in the Bottom End-Fitting Region

Elementlisotope Mass (g) Nuclide ID" Atomic Massb (g) Atomic Density 
(atomslb-cm) 

C 3.608 6000.50c 12.0107 3.7877E-05 
Mn 129.95 25055.50c 54.93805 2.9825E-04 
P 0.2625 15031.50c 30.97376 1.0686E-06 
S 0.24 16000.60c 32.066 9.4373E-07 
Si 168.875 14000.50c 28.0855 7.5817E-04 
Cr 1825.9 24000.50c 51.9961 4.4278E-03 
Ni 1499.375 28000.50c 58.6934 3.2211E-03 
Nd 0.15 7014.50c 14.003074 1.3507E-06 
Fe 5636.1865 26000.55c 55.845 1.2726E-02 
Mo 243.65 42000.50c 95.94 3.2022E-04 
Nb 66.625 41093.50c 92.90638 9.0422E-05 
Ti 11.7 22000.50c 47.867 3.0820E-05 
Al 6.5 13027.50c 26.98154 3.0376E-05 
Co 13 27059.50c 58.9332 2.7814E-05 
Cu 3.9 29000.50c 63.546 7.7385E-06 
B 0.078 10.811 9.0972E-07 

"1°B (19.9 at%)c 5010.50c 1.8103E-07 
"116 (80.1 at%)c 5011.50c 7.2869E-07 

Total 9610 1 1 2.1981 E-02 

SOURCE: Briesmeister 1997, Appendix G.  
b Parrington et al. 1996.  
c Parrington et al. 1996, page 18.  
d Neutron cross-section tables for 14N are used in this calculation.  

NOTES: INuclide identifier in the MCNP neutron data tables. The identifier for each element in the MCNP photon data 
tables is ZZZ000.01p, where ZZZ is the atomic number (Briesmelster 1997, pages 2-16 through 2-22).  

b Region volume used for material homogenization (cm3): region height * assembly transverse2 = 10.16 * 

21.681442 =4776.062.  

2. Active Fuel Region 

Table 1-4. Total Mass by Material in the Active Fuel Region 

Component Material Mass (kg) 
Fuel U 463.63 

0 62.8284 
Cladding Zircaloy-4 Density*volume = 106.5079794 

Guide tube Zircaloy-4 Masslassembly*fraction in active fuel region = 7.3815721 
Instrument tube Zircaloy-4 Mass/assembly*fraction in active fuel region = 0.5905258 
Grid supports Zircaloy-4 0.64 

Total Zircaloy-4 115.12008 
Spacer-incore Inconel-718 4.9 

Total 646.47848

I 
I

'-/

I
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Table 1-5. Uranium Isotope Composition (5.5- and 4.0-wt% 2U) 

Isotope wt% Mass (kg) wt% Mass (kg) 
23U 5.5 .25.49965 4.0 18.5452 

23U 0.0490 0.2273727- 0.0347 0.1610 
238U 0.0253 0.1172984 0.0184 0.0853 
23 8

- .94.4257 437.78568 . 95.9469 444.8385 
_ Total 100 463.63 .. 100 _ 463.63 

NOTE: The isotopic composition for the enriched uranium is-calculated according to the equations provided in Bowman 

et al. (1995) (see Section 5.2). -- - -

Table 1-6.- Element Mass by Material in the Active Fuel Region 

Zircaloy-4 _,_ -_-Inconel-718.. ... , -Fuel 
Element wt% Mass (g) - Element wt% Mass (g) -Isotope - - Mass (g) 

-........... .. .. 5.5-wt% 235U 4.O-wt% 23sU 
Sn .1.45 1669.2411- Ni 51.5 - 2523.5 -- U235 25499.65- 18545.2
Fe 0.21 241.75216 Cr 19- 931 U234- 227.37266 161.0125 

SCr 0.115 - -132.3881 Fe - -17.809- - 872.641 U236 117.29839 85.30792 
O 0.125 143.9001 - Nb - 5.125 -251.125 - U238 -437785.68 444838.5 
Zr_- 98.1 112932.8 .... Mo 3.05 149.45 --0- -- 62828.4 62828.4 

Total -100 -115120.1 - -Tli 0.9 - 44.1 . Total 526458.4 526458.4 
.. ... .... . ...-- A l - 0.5 24.5 --. . . .. .  

Co -- 1- 49--.. -. .  
I -" -. - Mn -0.35- 17.15 -. . .. . . .. . .  

S... .. Si 0.35 - 17.15 - . . . -- -. - .- . .
S... ... .. . . C u -. . .0 .3 - 14 .7 .. .. . -.. .. . . . . ...  

S...... - C - 0.08 - 3.92 .. ..... .. . .  
. .. .... .. S -0 .0 15 -- 0 .7 3 5 . .......... . ....  

-... ... P - 0.015 0.735 . . . . .. .  
-. .. .. .. ... B 0.006 -0.294 V - -. .  

Total 100 4900 1 . -.

I

I 
I 
I
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Table 1-7. Atomic Density by Element in the Active Fuel Region

Element/ Nuclide IDO Atomic Massb 5.5-wt% 2-"U 4.0-wt% 23U 
Isotope (g) Mass Atomic Density Mass Atomic Density 

(g) (atomslbecm) (g) (atomslbocm) 
Ni 28000.50c 58.6934 2523.5 1.5292E-04 2523.5 1.5292E-04 
Cr 24000.50c 51.9961 1063.388 7.2742E-05 1063.388 7.2742E-05 
Fe 26000.55c 55.845 1114.3932 7.0977E-05 1114.3932 7.0977E-05 
Nb 41093.50c 92.90638 251.125 9.6141E-06 251.125 9.6141E-06 
Mo 42000.50c 95.94 149.45 5.5406E-06 149.45 5.5406E-06 
Ti 22000.50c 47.867 44.1 3.2769E-06 44.1 3.2769E-06 
Al 13027.50c 26.98154 24.5 3.2297E-06 24.5 3.2297E-06 
Co 27059.50c 58.9332 49 2.9573E-06 49 2.9573E-06 
Mn 25055.50c 54.93805 17.15 1.1103E-06 17.15 1.1103E-06 
Si 14000.50c 28.0855 17.15 2.1719E-06 17.15 2.1719E-06 
Cu 29000.50c 63.546 14.7 8.2280E-07 14.7 8.2280E-07 
C 6000.50c 12.0107 3.92 1.1609E-06 3.92 1.1609E-06 
S 16000.60c 32.066 0.735 8.1528E-08 0.735 8.1528E-08 
P 15031.50c 30.97376 0.735 8.4403E-08 0.735 8.4403E-08 
B 10.811 0.294 9.6727E-08 0.294 9.6727E-08 

lOB (19.9 at%)c 5010.50c 1.9249E-08 1.9249E-08 
"11B (80.1 at%)c 5011.55c 7.7478E-08 7.7478E-08 

Sn 50000.35c 118.71 1669.2411 5.001 5E-05 1669.2411 5.0015E-05 
Zr 40000.50c 91.224 112932.8 4.4033E-03 112932.8 4.4033E-03 
0 8016.50c 15.99491 62972.3 1.4003E-02 62972.3 1.4003E-02 

2MU 92235.50c 235.04392 25499.65 3.8588E-04 18545.2 2.8064E-04 
23_U 92234.50c 234.04095 227.37266 3.4555E-06 161.01251 2.4470E-06 
__ _U 92236.50c 236.04556 117.29839 1.7675E-06 85.30792 1.2855E-06 
23

8U 92238.50c 238.05079 437785.68 6.5412E-03 444838.48 6.6466E-03 
Total 646478.5 2.5716E-02 646478.5 2.5714E-02 

SOURCE: ' Briesmeister 1997, Appendix G.  
b Parrington et al. 1996.  
c Parrington et al. 1996, page 18.  

NOTES: 8 Nuclide identifier in the MCNP neutron data tables. The identifier for each element in the MCNP photon data 
tables is ZZZOOO.01 p, where ZZZ is the atomic number (Briesmeister 1997, pages 2-16 through 2-22).  

b Region volume used for material homogenization (cm3): region height * assembly transverse2 

360.172 * 21.681442 = 169311.4.

I
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3. Plenum

I

e �- -
- �--.*f 4 

C-

- 'I

Table I-8. Total Mass by Material in the Plenum Region 

Component - -Material . ... Mass (kg) 
Cladding Zircaloy-4 _.Density * volume = 8.923235512 -----

-Guide tube Zircaloy-4 mass/assembly * fraction in plenum region = 0.6184279 
Instrument tube Zircaloy-4 mass/assembly_* fraction in plenum region = 0.0494742 

Total Zircaloy-4 ... - - 9.5911376 .  

Plenum spring - SS302 . .. 0.01905 .  

Spacer-plenum _lnconel-718 --- 1.04 . .  
Total 10.650188 

'Table 1-9. Element Mass by Material in the Plenum Region 

,____ Zircaloy-4 _ ... SS 302 " Inconel-718 _ 
Element "wt% Mass (g) Element wt% ' - Mass (g) Element -wt% -. Mass (g) 

Sn - 1.45 - 139.0715 -C . . 0.15- 0.028575 Ni 51.5 . 535.6 
Fe 0.21 20.141389 Mn ... 2 0.381 -. Cr .. - .19- 197.6

Cr - 0.115-- 11.029808 -P . .. 0.045 0.0085725 Fe---. -17.809 ;- 185.2136 
O 0.125 11.988922 -S - -0.031-- 0.005715 --Nb - -5.125 - 53.3 

-Zr7 - 98.1 . 9408.906 -Si ..... 0.75 - 0.142875- Mo . 3.05- --31.72 
Total 100 9591.1376 Cr- -. 18- ---3.429-. - Ti .... 0.9 --- 9.36 

.. .... Ni . .9- -1.7145 AI.. ..0.5 l-5.2 
. . . . .- N ----0.1--- 0.01905 Co...- 1 - 10.4

... .. Fe -- 69.925 . 13.320713 --- Mn -. -0.35 - -3.64 

Total . ..- 100 ...... 19.05 - Si-.... -0.35-- - 3.64

_u-__ _ - •0.3, 3.12, 
C -0.08 0.832 
S -- 0.015 -0.156 

... . P 0.015 0.156 

S*-. - B - 0.006 0.0624 
- .... . ... Total I 100 I31040
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Table 1-10. Atomic Density by Element in the Plenum Region 

Elementlisotope Mass Nuclide IDa Atomic Massb Atomic Density 
(g) (g) (atoms/bocm) 

Ni 537.3145 28000.50c 58.6934 3.8865E-04 
Cr 212.05881 24000.50c 51.9961 1.7314E-04 
Fe 218.6757 26000.55c 55.845 1.6624E-04 
Nb 53.3 41093.50c 92.90638 2.4356E-05 
Mo 31.72 42000.50c 95.94 1.4036E-05 
Ti 9.36 22000.50c 47.867 8.3016E-06 
Al 5.2 13027.50c 26.981538 8.1820E-06 
Co 10.4 27059.50c 58.9332 7.4920E-06 
Mn 4.021 25055.50c 54.938049 3.1073E-06 
Si 3.782875 14000.50c 28.0855 5.7183E-06 
Cu 3.12 29000.50c 63.546 2.0844E-.06 
C 0.860575 6000.50c 12.0107 3.0419E-06 
S 0.161715 16000.60c 32.066 2.1411 E-07 
P 0.1645725 15031.50c 30.973761 2.2557E-07 
B 0.0624 10.811 2.4504E-07 

10B (19.9 at%)- 5010.50c 4.8764E-08 
"11B (80.1 at%)l 5011.55c 3.9060E-08 

Sn 139.0715 50000.35c 118.71 4.9736E-05 
O 11.988922 8016.50c 15.994915 3.1822E-05 
Zr 9408.906 40000.50c 91.224 4.3788E-03 
Nd 0.01905 7014.50c 14.003074 5.7741E-08 

Total 5.2653E-03 

SOURCE: 8 Briesmeister 1997, Appendix G.  
b Parrington et al. 1996.  
c Parrington et al. 1996. page 18.  
I Neutron cross-section tables for 14N are used in this calculation.  

NOTES: I Nuclide identifier in the MCNP neutron data tables. The identifier for each element in the MCNP photon data 
tables is ZZZOO.01p, where ZZZ is the atomic number (Briesmeister 1997, pages 2-16 through 2-22).  

b Region volume used for atomic densities calculation (cm3): region length * assembly transverse2 = 30.1752 
* 21.681442=14184.904.  

4. Top End-Fitting Region 

Table I-11. Total Mass by Material in the Top End-Fitting Region 

Component Material Mass (kg) 
Top nozzle SS CF3M 7.48 

Spring retainer SS CF3M 0.91 
Total SS CF3M 8.39 

Holding spring Inconel-718 1.8 
Upper end plug SS 304 0.06 

Upper nut SS 304L 0.51 
Total 10.76

I

I
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SS CF3M Inconel-718 '- SS 304 ISS 304L 

Element wtch Mass (g) Element wt% Mass (g) Element - wt%- Mass (g) Element wt% - Mass (g) 
-C 0.03 2.517 Ni Z51.5 '927 C" -0.08 0.048 C ¶.- 0.03 0.153 

Mn" -1.5' 125.85 Cr' 19 :342 Cr 19 11.4- Mn 2 '10.2 

ST .. 2-. 167.8 Fe 17.809 320.562 -- Ni -9.25 -- 5.55 -_.P -0.045 0.2295

"Cr:- 19 .1594.1 ---Nb 5.125 -92.257- Mn' 2 --... 1.2 ---- S- -0.03- 0.153

-NiW 10 - '839 -. .Mo 3.05- 54.9 P:-P-'. 0.045 0.027 - Si 0.75 '3.825 

Mo' 2.5 "209.75 _ Ti 0.9 16.2 -S 0.03 0.018 • ._Cr 19 96.9 

-Fe 64.97 5450.983 - Al, -, 0.5- 9 . ;Si 0.75 0.45-- Ni -10 .- 51-..  

Total 100 -8390 -Co, - -1 18 ;N 0.1- -0.06 ' . 0.17 -0.51 

"Mn 0.35 '6.3 - ' Fe " 68.745 41.247 Fe 1 68.045 347.0295 

-- - Si'- .0.35 6.3.- -'Total 100- 60 _Total - 100-. 510.

. ... .. Cu -0.3- 5.4 . . .

. - . C 0.08 '1.44 

.__ __ -" -. - - S 0.015 _,0.27 , , 

......... .- - --... ..... P-- 0.015 --0.27- ; .... . I ... ..  

-- B 0.006 -0.108- .. .  

Total 100 1800 " •

r

CAL-UDC-NU-000002 REV 01 
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Table 1-12. Element Mass by Material in the Top End-Fitting Region

I 
I
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Table 1-13. Atomic Density by Element in the Top End-Fitting Region

ElementiIsotope Mass Nuclide ID" Atomic Massb Atomic Density 
(g) _ (g) (atoms/b.cm) 

C 4.158 6000.50c 12.0107 2.1977E-05 
Mn 143.55 25055.50c 54.93805 1.6587E-04 
P 0.5265 15031.50c 30.97376 1.0791 E-06 
S 0.441 16000.60c 32.066 8.7305E-07 
Si 178.375 14000.50c 28.0855 4.0318E-04 
Cr 2044.4 24000.50c 51.9961 2.4960E-03 
Ni 1822.55 28000 50c 58.6934 1.9712E-03 
Nd 0.57 7014.50c 14.003074 2.5840E-06 
Fe 6159.8215 26000.55c 55.845 7.0021E-03 
Mo 264.65 42000.50c 95.94 1.7511 E-04 
Nb 92.25 41093.50c 92.90638 6.3033E-05 
Ti 16.2 22000.50c 47.867 2.1485E-05 
A] 9 13027.50c 26.98154 2.1175E-05 
Co 18 27059.50c 58.9332 1.9389E-05 
Cu 5.4 29000.50c 63.546 5.3945E-06 
B 0.108 10.811 6.3417E-07 

10B (19.9 at%)c 5010.50c 1.2620E-07 
IIB (80.1 at%)- 5011.50c 5.0797E-07 

Total 10760 1.2371 E-02 

SOURCE: * Briesmeister 1997, Appendix G.  
b Parrington et al. 1996.  
' Parrington et al. 1996, page 18.  
d Neutron cross-section tables for 14N are used in this calculation.  

NOTES: a Nuclide identifierin the MCNP neutron data tables. The identifierfor each element in the MCNP photon data 
tables is ZZZ000.01p, where ZZZ is the atomic number (Briesmeister 1997, pages 2-16 through 2-22).  

b Region height (cm): assembly length - pin length - bottom end-fitting length = 420.6875-390.3472-10.16 = 
20.1803. Region volume used for atomic densities calculation (cm2): region length * assembly transverse" 
= 20.1803 * 21.681442 = 9486.4531.

I
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This attachment presents the calculations of total neutron and gamma intensities and gamma source 
region fractions.- ..- . -

The peaking factor for the gamma and neutron sources in the active fuel region is 1.25 (Electric 

Power Research Institute 1998, p. 3-26). 

1. Bounding PWR SNF: Gamma Source 

Total interisity per assembly (photons/s) = Peaking factor * Gamma intensity in the fuelregion 
(photons/s)'+ Gamma intensity in the bottom end-fitting region (photons/s) + Gamma intensity in, 
the plenum region (photons/s) + Gamma intensity in the top end-fittingregion (photons/s) = 1.25 
* 1.0556E+16 + 3.9264E+13 + 2.0605E+13 + 2.5235E+13 = 1.3280E+16 

Total intensity per, WP (photons/s) = 21 * Total intensity, per assembly (photons/s) = 21 *S 
1.3280E+16 = 2.7889E+17 7 

Intensity fraction for each assembly region to be entered on the sp (source probability) card = 
Gamma source intensity for each assembly region in the WP (photons/s) / Total intensity per WP 
(photons/s).  

Intensity fraction for the active fuel region = 21* 1.25 * 1.0556E+16 / 2.7889E+17 =9.9359E-01 
Intensity fraction for the bottom end-fitting region 21 * 3.9264E+13 / 2.7889E+17 = 2.9565E-03 
Intensity fraction for the plenum region = 21 * 2.0605E+13 / 2.7889E+17-= 1.5515E-03 
Intensity fraction'for the top end-fitting region =-21-* 2.5235E+13 / 2.7889E+17,= 1.9002E-03 

2. Hypothetical PWR SNF: Hardware and Active Fuel Region Gamma Sources,' 

Total intensity per assembly (photons/s) = Peaking factor * Gamma intensity-in the fuel region 
(photons/s) + Gamma intensity in the bottom end-fitting region (photons/s) + Gamma intensity in 
the plenum region (photons/s) + Gamma intensity in the top end-fitting region (photons/s) = 1.25 

1 1.0556E+16 + 6.6070E+13 + 3.4051E+13 + 4.2338E+13 = 1.3338E+16 

Total intensity per WP (photons/s) = 21 * Total intensity per assembly (photons/s) = 21 * 

1.3338E+16 = 2.8009E+17 

Intensity fraction for each assembly region to be entered on the sp (source probability) card = 
Gamma source intensity for each assembly region in the WP (photons/s) / Total intensity per WP 
(photons/s).  

Intensity fraction for the active fuel region = 21 * 1.25 * 1.0556E+16 / 2.8009E+17 = 9.8932E-01 
Intensity fraction for the bottom end-fitting region = 21 * 6.6070E+13 / 2.8009E+17 = 4.9536E-03 
Intensity fraction for the plenum region = 21 * 3.4051E+13 / 2.8009E+17 = 2.5530E-03 
Intensity fraction for the top end-fitting region = 21 * 4.2338E+13 / 2.8009E+17 = 3.1743E-03
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3. Bounding PWR SNF: Neutron Source 

Total intensity per WP (neutrons/s) = 21 * Peaking factor * Total intensity per active fuel region 
(neutrons/s) = 21 * 1.25 * 1.3844E+09 = 3.6341E+10 

4. Average PWR SNF: Gamma Source 

Total intensity per assembly (photons/s) = Peaking factor * Gamma intensity in the fuel region 
(photons/s) + Gamma intensity in the bottom end-fitting region (photons/s) + Gamma intensity in 
the plenum region (photons/s) + Gamma intensity in the top end-fitting region (photons/s) = 1.25 
• 2.6256E+15 + 3.8681E+12 + 2.017713+12 + 2.4845E+12 = 3.2904E+15 

Total intensity per WP (photons/s) = 21 * Total intensity per assembly (photons/s) = 21 * 

3.2904E+15 = 6.9098E+16 

Intensity fraction for each assembly region to be entered on the sp (source probability) card = 
Gamma source intensity for each assembly region in the WP (photons/s) / Total intensity per WP 
(photons/s).  

Intensity fraction for the active fuel region = 21 * 1.25 * 2.6256E+15 / 6.9098E+16= 9.9746E-01 
Intensity fraction for the bottom end-fitting region= 21 * 3.8681E+12/6.9098E+16 = 1.1756E-03 
Intensity fraction for the plenum region = 21 * 2.0177E+12 / 6.9098E+16 = 6.132213-04 
Intensity fraction for the top end-fitting region = 21 * 2.4845E+12 / 6.9098E+16 = 7.5509E-04 

5. Average PWR SNF: Neutron Source 

Total intensity per WP (neutrons/s) = 21 * Peaking factor * Total intensity per active fuel region 
(neutrons/s) = 21 * 1.25 * 2.3062E+08 = 6.0538E+09
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1. PURPOSE 

The objective of this calculation is to evaluate the surface dose rates of a 44-BWR (boiling water 
reactor) uncanistered fuel (UCF) waste package (WP). The scope is limited to the 44-BWR waste 
package concept for License Application. Since a sketch for this waste package type is not available, 
sketch SK-0219 REV 01 for the 21-'pressurized water reactor waste-package "concept for License 
"Application provides the specifications for the waste package disposal container. The results of this 
calculation will be used to assess the shielding performance of th 44-BWR WP designdconcept for 
License Application.  

The planning requirements that apply to the generation of this calculation have been identified in 
Technical Work Plan for: Waste Package DesIign Descriptionfor'SR (CRWMS M&O [Civilian 
Radioactive Waste Management 'and Operator Contractor] 2000a, Waste 'Package Design 
Methodology). This calculation is performed and documented according to AP-3.12Q, Calculations 

2. METHOD 

The Monte Carlo radiation'tranisport method, which is implemented in the MCNP computer code 
(Briesmeister 1997), is used to calculate surface dose rates of waste packages. MCNP uses the 
continuous-energy cross sections processed from the evaluated nuclear data files (Briesmeister 1997, 
Appendix G).  

The radiation source terms for the BWR SNF were developed in CRWMS M&O (1999, pp. 10 and 
45) for spent fuel with various combinations of burnup, enrichment, and cooling time. The initial 
:uranium content considered in radiation source term gerieration is 200 kg, and the-highest fuel 
burnup and enrichment considered are .75 GWd/MTU and 5.5 wt% 2l"U, respiectively. In this 
calculation, "bounding BWR SNF" is the spent fuel with -a 75-GWd/MTU burnup, 5.5-wt%/o 
enrichment, 5-year cooling time, and an initial uranium content of 200 kg. These values bound the 
initial uranium'conitent (190 kg), bumup (65.55'GWd/MTU),'enrichment (4.28 wt% 'U), and 
cooling time (5 year) of the BWR assemblies in the commercial waste stream thit will arrive at the 
repository (CRWMS M&O 2000b, Attachment III, preblend files).: The characteristics of an 
"average BWR SNF" are defined in Assumption 3.3. Dose rate calculations for a "hypothetical 
bounding BWR SNF" are also included to evaluate a" -upper limit for the dose rate at the WP 
external surfaces (See Section 5.2).' 

The control of the electronic managemern t of data is a6complished in accordance with ihe process 
control evaluation for the technical work plan of this calculation (CRWMS M&O 2000a).
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3. ASSUMPTIONS 

The assumption is used throughout Section 5.  

3.1 It is assumed that the disposal container has thicknesses and material specifications as 
presented in sketch SK-0219 REV 01, page 24, and accommodates 44'BWR assemblies 
as specified in sketch SK-0 192 REV 00, page 1. The rationale for this assumption is that 
the design concept for License Application for the disposal container of a 21-pressurized 
water reactor WP, which is presented in sketch SK-0219 REV 01, is the design concept 
for disposal containers of all types of uncanistered commercial spent nuclear fuels.  

3.2 The radiation source and contents of each assembly region are homogenized inside region 
volume. The rationale for this assumption is that the surface dose rates of a WP with this 
geometric representation for the fuel assemblies and of a WP with detailed geometric 
representation for the fuel assemblies are the same within statistical limits (CRWMS 
M&O 1998b, Section 6).  

3.3 The BWR spent nuclear fuel (SNF) having 3.5-wt%/ initial 2U, 40-GWd/MTU burnup, 
and 22-year decay time is assumed to be the SNF with average characteristics. The 
rationale for this assumption is that the source term for the SNF with these characteristics 
generates conservative (higher) dose rates for the average BWR SNF. The average BWR 
SNF is estimated in CRWMS M&O (1999, page 46).  

3.4 A peaking factor of 1.4 bounds the axial gamma and neutron source distribution in the 
active fuel region (CRWMS M&O 1999, page 47). The rationale for this assumption is 
that this value for the axial peaking factor for a representative BWR SNF assembly at a 
lower burnup is conservative for dose rate evaluations.  

3.5 The chemical composition of the SNF is assumed the same as that of the fresh fuel. The 
rationale for this assumption is that small weight variations of the elements do not affect 
the accuracy of dose results, as long as the total weight is maintained.  

3.6 The chemical composition of Neutronit A976 is assumed for Neutronit A978, which is 
a molybdenum alloyed Bohler Neutronit (Kugler 1996). The rationale for this assumption 
is that by neglecting molybdenum in the Neutronit A976 chemical composition, the 
balance element iron is increased, which provides conservative (higher) dose rates at the 
external surfaces of the WP.
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4. USE OF COMPUTER SOFTWARE AND'MODELS 

4.1 SOFTWARE 

The MCNP 4B2LV computer code is used to calculate' neutron and gamma fluxes on the WP 
surfaces for dose rate evaluations. This computer code is a baseline qualified software.  

i Program name: MCNP.  

* Version/Revision number: Version 4B2.  

* Computer Software Configuration Item (CSCI) Number: 30033 V4B2LV (CRWMS M&O 
1998a).  

* Computer type: Hewlett Packard (HP) workstation "Bloom" (Tag: CRWMS-M&O 
700887). • 

* Operating System: -HP-UX (Hewlett Packard UNIX) 10.20.  

•"-"' * The MCNP 4B2LV computer code is an appropriate tool to determine the dose rates on the 

surface and near the surface of a WP containing '44-BWR SNF assemblies.  

-This software has been validated over the range it was used. .  

* This software was previously obtained from the Software Configuration Management in 
accordance with appropriate procedures.  

The input file for each computer calculation is echoed in the output file of the calculation. The 
output files are described in Section 8.  

4.2 MODELS 

None used.  

5. CALCULATION 

5.1 CALCULATION INPUTS 

The following sections outline the information used in the calculation of dose rates on the WP 
surfaces. Each MCNP calculation requires specifications of the WP geometry, material, and source 

-- parameters. The WP consists of the disposal container and 44 BWR SNF assemblies. -Sketch SK
0219 REV 01, page 24, which is shown in Attachment I, provides the thickness and material 
specifications for the components of the disposal container, and sketch SK-0192, page 1, which is
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shown in Attachment II, provides the specifications for the cavity and basket assembly dimensions.  
The information provided by the sketches is that of the potential design of the type of WP considered 
in this calculation.  

The number of digits in the values cited herein may be the result of a calculation or may reflect the 
input from another source; consequently, the number of digits should not be interpreted as an 
indication of accuracy.  

5.1.1 Disposal Container 

The disposal container consists of the inner reinforcement cylinder, the corrosion resistant outer 
shell, the inner shell lids; and the outer corrosion resistant shell lids. Table 1 presents the thickness 
and material specifications for the components of the disposal container, as indicated in sketches SK
0219 REV 01, page 24, and for the basket assembly that accommodates 44 BWR assemblies, as 
presented in SK-0192 REV 00, page 1. Tables 2 through 6 present the chemical compositions for 
the structural materials shown in Table 1.  

Table 1. Geometry and Material Specifications for the Disposal Container 

Component Material Characteristic Dimension (mm) 
Inner shell SA-240 S31600 Thickness 50 
Outer shell SB-575 N06022 Thickness 20 

Inner shell bottom lid SA-240 S31600 Thickness 88.9 
Inner shell top lid SA-240 S31600 Thickness 50.8 

Outer shell flat bottom lid SB-575 N06022 Thickness 25.4 
Extended outer shell lid base SB-575 N06022 Thickness 25.4 

Outer shell flat closure lid SB-575 N06022 Thickness 9.525 
Top upper closure gap Air Thickness 30.08 
Top lower closure gap Air Thickness 44.225 

Bottom lid gap Air Thickness 70 
Cavity Air Length 4.585 

Inner diameter 1.454 
Basket B-sideguide SA-516 K02700 Thickness 10 
Basket comerguide SA-516 K02700 Thickness 10 

Basket stiffener SA-516 K02700 Thickness 10 
Basket B-stiffener SA-516 K02700 Thickness 10 

Fuel basket A-plate Neutronit A 978 Thickness 5 
Fuel basket B-plate Neutronit A 978 Thickness 5 
Fuel basket C-plate Neutronit A 978 Thickness 5 
Fuel basket D-plate Neutronit A 978 Thickness 5 
Fuel basket E-plate Neutronit A 978 Thickness 5 
Fuel basket F-plate SB-209 A96061 T4 Thickness 5 
Fuel basket G-plate SB-209 A96061 T4 Thickness 5 
Basket assembly NIA Length 4,575 
Fuel basket tube SA-516 K02700 Thickness 5 

Inner transverse dimension 155.3

1 •._j

IWaste Package Project Calculation
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SOURCE: Sketch SK-0219 REV 01, page 24 (see Attachment I), and SK-0192 REV 00, page I (see Attachment II).  
NOTE: The thicknesses of the top lids used in this calculation slightly differ from those shown in sketch SK-021 9 REV 

01., However, the total thickness of the top lids used in this calculation is 85 mm, which is 0.725 less than the 
actual value indicated by the sketch, and provides higher (conservative) dose rates at the top surface of the 
waste package. Moreover, for conservative evaluations (higher dose rates), the thicknesses of the inner shell, 
the outer shell, and lids are reduced by 0.25 mm each to account for permissible variations in thickness (ASME 
1998, Section Il-B, SB-575, page 762, and Section Il-A, SA-480, page 877). The loose fit between the Inner and 
outer shells is neglected to obtain slightly higher (conservative) dose rates at the external radial surface.  

--Table 2. Chemical Composition of SA-516 K02700 

Element Weight Percent Range* Value Used 

Carbon 0.27 (max) 0.27 

Manganese 0.85-1.20 1.025 

Phosphorus 0.035 (max) 0.035 

Sulfur 0.035 (max) . 0.035 

Silicon 0.15-0.40 0.275 

Iron Balance 98.36 

Densityb = 7.85 g/cm0

I SOURCE: 'ASME 1998, Section II-A, SA-516, page 925.  
b ASME 1998, Section Il-A, SA-20, page 67.

Table 3. Chemical Composition of SA-240 $31600

Element Weight Percent Range' Value Used 

Carbon 0.03 (max) 0.03 

SManganese 2.00 (max) 2.00 

Phosphorus 0.045 (max) 0.045 

Sulfur 0.03 (max) 0.03 " 

Silicon 0.75 (max) 0.75 

Chromium 16.00-18.00 '17.00 

Nickel, 10.00-14.00 12.00 

Molybdenum 2.00-3.00 2.50 

Nitrogen 0.10 (max) 0.10 

Iron Balance 65.495 

Densityb = 7.98 g/cme

I SOURCE: * ASME 1998, Section lI-A, SA-240, page 366.  
b ASTM G 1-90, page 7.

IWaste Package Project Calculation
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Table 4. Chemical Composition of SB-575 N06022

Element Weight Percent Range Value Used 

Carbon 0.015 (max) 0.015 

Manganese 0.50 (max) 0.50 

Silicon 0.08 (max) 0.08 

Chromium 20.0-22.5 21.25 

Molybdenum 12.5-14.5 13.50 

Cobalt 2.50 (max) 2.50 

Tungsten 2.5-3.5 3.00 

Vanadium 0.35 (max) 0.35 

Iron 2.0-6.0 4.00 

Phosphorus 0.02 (max) 0.02 

Sulfur 0.02 (max) 0.02 

Nickel Balance 54.765 

Density = 8.69 g/cm3 

SOURCE: ASME 1998, Section lI-B, SB-575, pages 760 and 761.  

The chemical composition of NeutronitA976 is assumed for NeutronitA978 in this calculation (see 
Assumption 3.6).  

Table 5. Chemical Composition of Neutronit A976

Element Weight Percent Rangeo Value Used 

Carbon 0.04 (max) 0.04 

Chromium 18.5 18.5 

Nickel 13.0 13.0 

Cobalt 0.20 (max) 0.20 

Boron According to specifications 0.75-1.74b 

Iron Balance 67.51 or 66.52 

Density8 = 7.76 g/cm3 

SOURCE: t Kugler 1996, pages 14 and 17.  
bASTM A 887-89, page 2.  

I NOTE: The range of boron content is determined based on those for ASTM A887 types B3 to B6. For conservative 
(slightly higher) results, 0.75-wt% B is used in the neutron dose rate calculations, and 1.74-wt% B is used in the 
gamma dose calculations.' The natural isotopic content of boron in calculations is 19.9-at% 111 and 80.1-at% 
116 (Parrington et al. 1996).

I
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STable 6. Chemical Composition of SB-209 A96061 

Element Weight Percent Range' Value Used 

Silicon 0.4-0.8 0.6 

Iron 0.7 (max) 0.7 

Copper 0.15-0.4 0.275 

Manganese 0.15 (max) 0.15 

Magnesium -0.8-1.2 1.0 

Chromium -0.04-0.35 0.195 

Zince 0.25 (max) .0.25 

'Titanium 0.15 (max) 0.15 

-Others (each) 0.05 (max) 10.0 

Others (total) 0.15 (max) 0.0 

Aluminum Balance 96.68 

Densityb = 2.7 glcm3 

SOURCE: I ASME 1998, Section II-B, SB-209, page 236.  
Sb ASME 1998, Section Ii-D, Subpart 2, pages 611 and 612.

NOTE: r MCNP does not contain neutron cross-section tables for Zn. Al replaces Zn in this calculation because these 
two elements have similar neutron cross sections.

5.1.2 BWR SNF Assemblies ..  

The BWR SNF assembly used in this calculation is a General Electric (GE) 2/3 8x8 BWR SNF 
assembly. CRWMS M&O (1999) provides radiation source term calculations (including the gamma 
and neutroni sour-ce terms) and the physical characteristics for this representative BWRassembly.  

"Table 7 presents the light element contents and dimensions for each fuel region. Tables 8, 9, and 
10 present the gamma and neutron sources for the bounding BWR SNF,-the hypothetical bounding 
BWR SNF, and the average BWR SNF. The initial uranium content, enrichment, burnup, and decay 
characteristics of the three BWR SNFs are descicibed in Sections 2 and 5.2.

]Waste Package Project Calculation
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Table 7. Light Element Mass and Dimensions by Fuel Region for a GE 2/3 8x8 BWR Assembly 

Mass' (kg) 

Element Bottom End-Fitting Active Fuel Region Plenum Region Top End-Fitting 
Region Region 

Oxygen 0.0008 0.050526 + 0.041131 + 0.0074 0.0012 
0.003732 + 0.00234 

0.097729 

Aluminum N/A 0.0023 0.0119 0.0041 

Carbon 0.0038 0.0002 0.0015 0.0019 

Cobalt 0.0038 0.0033 0.0175 0.0074 

Chromium 0.9069 0.1302 0.3784 0.4680 

Copper N/A 0.0013 0.0068 0.0023 

Iron 3.2208 0.1889 0.5649 1.3982 

Manganese 0.0954 0.0026 0.0259 0.0446 

Niobium N/A 0.0033 0.0170 0.0058 

Nitrogen 0.0048 N/A 0.0006 0.0020 

Nickel 0.4970 0.2646 1.2610 0.6157 

Phosphorus 0.0021 N/A 0.0003 0.0009 

Sulfur 0.0014 N/A 0.0004 0.0007 

Silicon 0.0358 0.0013 0.0114 0.0173 

Tin 0.0111 1.3845 0.1055 0.0169 

Titanium N/A 0.0078 0.0408 0.0139 

Zirconium 0.6374 79.6784 6.0704 0.9739 

Widthb (cm) 13.81252' 13.81252 13.81252 13.81252 

Lengthb (cm) 18.7579 3 6 5 .7 6d 28.5496 22.2885 

SOURCE: 'CRWMS M&O 1999, Attachment IIR01, page I1-11.  
SCRWMS M&O 1999, page 12.  

NOTES: c Calculated: 13.40612 (CRWMS M&O 1999, page 12) + 2*0.2032 (CRWMS M&O 1999, page 12).  
d Calculated: 435.356 (CRWMS M&O 1999, page 12)- 18.7579 - 28.5496 - 22.2885.

K)_
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Table 8. Gamma and Neutron Sources per Assembly for the Bounding BWR SNF

Gamma Intensity (photonsls) Neutron Intensity (neutronsls) 

Upper Energy Bottom End- Active Fuel Plenum -Top End- Upper Energy Active Fuel 
Boundary (MeV) Fitting Region Region - Region Fitting Region Boundary (MeV) Region 

5.00E-02 3.65E+11 8.13E+14 7.64E+11 3.81E+11 1.OOE-08 0.0000E+00 

1.00E-01 8.53E+10 2.26E+14 1.50E+11 8.85E+10 3.OOE-08 0.0000E+00 

2.00E-01 1.51E+11 1.76E+14 1.74E+11 1.52E+11 -5.00E-08 0.0000E+00 

3.00E-01 ,2.50E+10 5.06E+13 2.61E+10 2.50E+10 1.00E-07 0.0000E+00 

4.00E-01 2.30E+09 3.38E+13 4.96E+09 2.35E+09 •2.25E-07 0.0000E+00 

6.00E-01 3.20E+10 4.22E+14 6.89E+10 3.20E+10 3.25E-07 0.0000E+00 

8.00E-01 9.93E+10 1.59E+15 1.19E+11 9.94E+10 4.00E-07 0.0000E+00 

1.00E+00 1.33E+11 1.96E+14 1.11E+11 1.12E+11 -8.00E-07 0.0000E+00 

1.33E+00 4.01E+12 6.61E+13 2.28E+13 4.96E+12 1.00E-06 0.0000E+00 

1.66E+00 1.09E+12 1.86E+13 6.40E+12 1.36E+12 1.13E-06 0.0000E+00 

2.00E+00 1.57E+07 3.63E+11 1.57E+07 1.57E+07 1.30E-06 0.0000E+00 

2.50E+00 - 2.56E+07 5.97E+1 I 1.52E+08 3.20E+07 -1.77E-06 '0.OOOOE+00 

3.OOE+00 3.97E+04 2.55E+10 2.35E+05 4.96E+04 3.05E-06 0.OOOOE+00 

4.00E+00 -1.51E-10 3.21E+09 2.82E-10 1.74E-10 1.00E-05 0.0000E+00 

5.OOE+00 3.83E-11 1.60E+07 3.82E-11 3.82E-1 I 3.00E-05 0.0000E+00 

6.50E+00 1.10E-11 6.41E+06 1.10E-11 1.10E-11 1.00E-04 0.OOOOE+00 

8.00E+00, 1.40E-12 1.26E+06 1.40E-12 1.40E-12 5.50E-04 0.0000E+00 

10.00E+00 1.87E-13 2.67E+05 1.87E-13 1.87E-13 '3.OOE-03 0.OOOOE+00 

Total 5.9929E+12 3.5931E+15 3.0618E+13 7.2123E+12 1.70E-02 O.0000E+00 

N/A N/A N/A N/A N/A 1.00E-01 0.0000E+00 

- N/A - N/A N/A N/A N/A 4.OOE-01 1.79E+07 

-NIA N/A N/A N/A N/A 9.OOE-01 9.16E+07 

N/A N/A NIA NA N/A 1.40E+00 8.38E+07 

N/A N/A N/A N/A N/A 1.85E+00 6.17E+07 

N/A N/A NIA N/A N/A 3.00E+00 1.09E+08 

N/A ' -N/A N/A N/A N/A 6.43E+00 9.89E+07 

N/A N/A N/A N/A N/A 20.00E+00' 8.76E+06 

N/A N/A N/A N/A NIA - Total , 4.7166E+08

SOURCE: CRWMS M&O 1999, Attachment VII,' BWR.gamma.source and BVVR.neutron'sou~rce files.  
NOTE: Initial 235U weight percent of 5.5; average blumup of 75 GWd/MTU; 'and decay time of 5 years.



CalculationWaste Package Project

Title: Dose Rate Calculation for the 44-BWR UCF Waste Package 
Document Identifier: CAL-UDC-NU-000003 REV 01 Page 14 of 42

Table 9. Gamma and Neutron Sources per Assembly for the Hypothetical Bounding BWR SNF 

Gamma Intensity (photons/s) Neutron Intensity' (neutrons/s) 
Upper Energy Bottom End- Active Fuel Plenum, Top End- Upper Energy Active Fuel 

Boundary (MeV) Fitting Regionb Region' Regionb' Fitting Region" Boundary (MeV) Region 
5.OOE-02 3.39E+11 8.13E+14 9.71E+1 1 3.62E+11 1.00E-08 0.0000E+00 
"1.OOE-01 7.87E+10 2.26E+14 1.85E+11 8.35E+10 3.OOE-08 0.0000E+00 
2.00E-01 1.11E+11 1.76E+14 1.46E+11 1.12E+11 5.OOE-08 0.0000E+00 
3.OOE-01 1.90E+10 5.06E+13 2.08E+10 1.90E+10 1.002-07 0.0000E+00 
4.002-01 2.08E+09 3.38E+13 5.97E+09 2.16E+09 2.25E-07 0.00002+00 
6.OOE-01 2.51E+10 4.22E+14 7.45E+10 2.51E+10 3.25E-07 0.0000E+00 
8.OOE-01 7.15E+10 1.59E+15 9.81E+10 7.16E+10 4.00E-07 0.0000E+00 
1.00E+00 1.07E+11 1.96E+14 8.24E+10 8.22E+10 8.002-07 0.0000E+00 
1.33E+00 6.68E+12 6.61E+13 3.76E+13 8.08E+12 1.00E-06 0.OOOOE+00 
1.66E+00 1.86E+12 1.86E+13 1.06E+13 2.25E+12 1.13E-06 0.0000E+00 
2.OOE+00 1.03E+07 3.63E+11 1.03E+07 1.03E+07 1.30E-06 0.0000E+00 
2.50E+00 4.40E+07 5.97E+11 2.51E+08 5.34E+07 1.77E-06 0.0000E+00 
3.OOE+00 6.82E+04 2.55E+10 3.89E+05 8.27E+04 3.05E-06 0.0000E+00 
4.OOE+00 1.04E-10 3.21E+09 6.79E-10 2.03E-10 1.OOE-05 0.0000E+00 
5.00E+00 2.64E-1 I 1.60E+07 2.64E-11 2.64E-1 1 3.00E-05 0.000OE+00 
6.50E+00 7.60E-12 6.41E+06 7.59E-12 7.59E-12 1.00E-04 0.0000E+00 
8.00E+00 9.67E-13 1.26E+06 9.66E-13 9.66E-13 5.50E-04 0.00002+00 
10.002+00 1.292-13 "2.67E+05 1.29E-13 1.29E-13 3.OOE-03 0.0000E+00 

Total 9.2934E+12 3.5931E+15 4.9784E+13 1.1088E+13 1.70E-02 0.0000E+00 
N/A N/A N/A N/A N/A 1.00E-01 0.0000E+00 
N/A N/A N/A N/A N/A 4.00E-01 1.79E+07 
N/A N/A N/A N/A N/A 9.00E-01 9.16E+07 
N/A N/A N/A N/A N/A 1.40E+00 8.38E+07 
N/A N/A N/A N/A N/A 1.85E+00 6.17E+07 
N/A N/A N/A N/A N/A 3.00E+00 1.09E+08 
N/A N/A N/A N/A N/A 6.43E+00 9.89E+07 
N/A N/A N/A N/A N/A 20.002+00 8.76E+06 
N/A NIA N/A N/A N/A Total 4.7166E+08

SOURCE: CRWMS M&O 1999, Attachment VII, BWR.gamma.source and BWR.neutron source files.  
NOTE: ' Initial 235U weight percent of 5.5; average bumup of 75 GWd/MTU; and decay time of 5 years.  

b Initial 2
3U weight percent of 0.711; average bumup of 75 GWd/MTU; and decay time of 5 years.
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Table 10. Gamma and Neutron Sources per Asserbly for the Average BWR SNF

Gamma Intensity (photonsls) ' Neutron Intensity (neutrons/s) 

Upper Energy Bottom-End Active Fuel Plenum Top-End Upper Energy Active Fuel 
Boundary (MeV) - Fitting Region Region Fitting Boundary (MeV) Region 

5.00E-02 4.34E+10 2.48E+14 7.21E+10,- 4.48E+10 .1.00E-08 0.0000E+00 

1.00E-01 5.79E+09 7.24E+13 1.12E+10 6.07E+09 3.002-08 0.0000E+00 

-2.00E-01 "2.83E+10 4.71E+13 2.96E+10-, 2.83E+10 5.002-08 0.0000E+00 

3.00E-01 5.40E+09 1.45E+13 5.47E+09 -5.40E+09 1.OOE-07 0.OOOOE+00 

4.OOE-01 4.40E+08 9.92E+12 5.42E+08 4.45E+08 2.25E-07 0.0000E+00 

6.00E-01 6.32E+09 7.95E+12 6.70E+09 6.32E+09, 3.25E-07' 0.0000E+00 

8.00E-01 2.13E+10 4.47E+14 2.19E+10 2.14E+10 4.O0E-07 0.OOOOE+00 

1.00E+00 2.24E+10 3.93E+12 '2.29E+10 2.25E+10 8.OOE-07 0.0000E+00 

1.33E+00 3.52E+11 6.31E+12 1.92E+12 4.35E+11 .1.002-06 0.0000E+00 

1.66E+00 9.01E+10 7.20E+11 5.32E+11 1.13E+11 1.13E-06 0.0000E+00 

2.OOE+00 3.43E+06 2.54E+10 ,3.43E+06, 3.43E+06 1.30E-06 0.0000E+00 

2.50E+00 2.09E+06 1.30E+09 1.26E+07 ,2.64E+06 1.77E-06 _0.0000E+00 

3.00E+00 3.24E+03 6.66E+07 1.95E+04 4.10E+03 3.05E-06 0.0000E+00 

4.00E+00 2.00E-10 4.21E+06 2.27E-10 2.05E-10 1.00E-05,_ 0.0000E+00 

5.00E+00 5.06E-11 1.41 E+06 5.06E-11 5.06E-1 I 3.00E-05 0.0000E+00 

6.50E+00 1.46E-11 5.67E+05 1.46E-1 I 1.46E-11 1.00E-04 0.OOOOE+00 

8.OOE+00 1.85E-12 1.11E+05 1.85E-12 1.85E-12 5.50E-04 0.00002+00 

10.00E+00 2.47E-13'- 2.36E+04 2.47E-13 --2.47E-13' 3.00E-03 0.0000E+00 

Total 5.7546E+1 1 8.5786E+14 2.6224E+12 6.8324E+11 1.70E-02 0.0000E+00 

"N/A N/A N/A N/A N/A 1 1.00E-01 0.0000E+00 

N/A N/A N/A ' N/A " N/A '4.00E-01 1.58E+06 

N/A N/A N/A NIA NIA-' 9.OOE-01' 8.06E+06 

N/A N/A N/A N/A N/A 1.40E+00 7.42E+06 

N/A NIA N/A N/A NIA 1.85E+00 5.54E+06 

N/A N/A N/A N/A - N/A 3.00E+00 1.00E+07 

NIA .. . N/A N/A - N/A NIA . , 6.43E+00 ' 8.86E+06 

N/A N/A N/A N/A -; N/A, 20.OOE+00 7.68E+05 

N/A N/A N/A N/A N/A Total 4.2228E+07 

SOURCE: CRWMS M&O 1999, Attachment VII. BWR.gamma.source and BWR.neutron source files.
NOTE: Initial 23U weight percent of 3.5; average bumup of 40 GWd/MTU; and decay time of 22 years (see Assumption 

3.3). ,' -,. . . .. • . . -" " -• , . . .
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5.2 DESCRIPTION OF CALCULATIONS 

5.2.1 Selection of Source Terms 

This calculation provides surface dose rates for the 44-BWR WP containing SNF with the following 
initial enrichment, burnup, and decay characteristics: 

" 5.5-wt% initial 23U eririichmenit, 75.0-GWd/MTU burnup, and 5-year decay time. Surface 
dose rates for the WP without the basket assembly inside (see Figure 3) are also calculated.  

"* 5.5-wt% initial 23U enrichment, 75.0-GWd/MTU burnup, and 5-year decay time for the 
active fuel region, and 0.711-wt% initial enrichment, 75.0-GWd/MTU burnup, and 5-year 
decay time for the hardware regions. Since for a given bumup the activation of the 
hardware regions increises With decreasing initial fuel enrichment, this hypothetical SNF 
provides upper limits for dose rates due to the hardware regions.  

"* 3.5-wt% initial "SU enrichment, 40-GWd/MTU bumup, and 22-year decay time. The SNE 
with these characteristics provides conservative dose rate estimations for the average BWR 
SNF (see Assumption 3.3). Surface dose rates for a WP containing average SNF are useful 
for estimating the radiation exposure of the surrounding equipment.  

5.2.2 Geometric Representation of the Source Regions 

The BWR SNF assemblies contain four distinct source regions: a bottom end-fitting region, an 
active fuel region, a plenum riegion, and a top end-fitting region. Each assembly region is 
homogenized inside its volume (see Figures 1 through 3), resultinginma uniform distribution of the 

*region contents and radiation source inside each region volume (See Assumption 3.2). The study 
of source geometry effect (CRWMS M&O 1998b) on the surface dose'rates for a WP containing 21 
PWR SNF assemblies has shown that the detailed representation of the SNF assemblies and the 
assemblies homogenized inside their transverse dimensions give essentially the same surface dose 
rates. The MCNP input file specifies these four gamma sources through source distribution numbers 
that are dependent on geometric cells. Attachment IV provides the fraction of gamma sampling in 
each assembly region, required by the source probability (sp) card, and the total gamma source 
intensity, required by the tally multiplier (fin) card.  

5.2.3 Material Specification in the MCNP Input 

MCNP requires element/isotope compositions of the materials either as weight fractions or atomic 
densities. The material compositions of the assembly regions are entered as atomic densities, in 
atoms/b'cm, in the MCNP input. Atomic densities (AD) of the material compositions in each 
assembly region are calculated according to the following equation (Harmon et al. 1994, Appendix 
B):

Waste Package Project Calculation
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AD (atoms/b m cm) = mass.,, (g) * N A (atoms/mole) (Eq. 1) 
=1014 (b/cm) * volumeo,,, (cm 3 ) * atomic mass~oo (g/mole) 

In the above equation, NA is the Avogadro constant, which has a value'of 6.02213 67E+23 atoms per 

mole (Parrington et al. 1996, page 59). The element or isotope atomic masses are provided in 

Parrington et al. 1996. r .  

The isotopic composition, in weight percent, -for commercially available enriched'uranium is 

calculated according to the following equations (Bowman et al. 1995,; page 20): 

wt% / 4U = 0.007731(wt% 215U)1 "08 37 

wt% 231U = 0.0046(wt%235U) (Eq. 2) 

Jt% �3SU = 100- (wt%2 4U) -(wt%V 2U) - (wt% 236U) 
wt. 0• -.- 7 (wP/ , 0"._ 

The calculation of the'atomic densities for each assembly region is presented inAttachment III.  

5.2.4 Calculation of the Total Dose Rate 

MCNP estimates the gamma or the neutron flux averaged over a surface, and then calculates the 

surface dose rates in rem/h. The surface dose rate for a certain energy group is the product of the 
group flux and the flux-to-dose rate conversion factor for the energy group (Briesmeister 1997, pages 
H-5 and H-6).  

Since MCNP performs the photon and neutron transport in two separate runs, the total dose rate is 

the sum of gamma and neutron dose rates. The estimated relative error of the total dose rate is 

derived from the estimated variance of the total dose rate. The estimated variance of the total dose 

rate, S2', is the sum of the estimated variances of the individual dose rates, Si2. The estimated 
relative error (Briesmeister 1997, p. 2-93) is given by: 

DRtO = DRS=a + DRneuton (Eq. 3) 

Sto w S, et (Eq. 4) 

R= DR,, (Eq. 5)
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where 

DR = estimated dose rate (rem/h) 
S2 = estimated variance (rem/h)2 

R = estimated relative error 

5.2.5 Segments Selected for Surface Dose Rate Calculations 

Surface dose rates are calculated for the radial and axial directions of the WP. For each direction, 
dose rates are determined for segments (see Figures 4, 5, and 6) of the following five surfaces: inner 
surface of the inner shell, inner surface of the outer shell, WP outer surface, and surfaces at 1 m and 
2 m from WP outer surface. Segments 1 to 9 are axial segments that subdivide the five radial 
surfaces. Segment 1, 23.144-cm tall, corresponds to the void region above fuel assemblies. Segment 
2, 22.2885-cm tall, corresponds to the top end-fitting region. Segment 3, 28.5496-cm tall, 
corresponds to the plenum region. Five segments, Segments 4 to 8, each 73.152-cm tall, are equal 
segments of the active fuel region. The last axial segment, Segment 9, 18.7579-cm tall, corresponds' 
to the bottom end-fitting region. The top surface of the WP cavity has six segments, Segments 14 
to 19, as shown in Figure 5. Figure 6 shows the four segments, Segments 14, 20, 21, and 22, of the 
bottom surface of the upper outer lid. The bottom surface of the WP cavity, and the bottom surface 
of the lower inner lid are divided in two segments by a 20-cm radius. The WP top and bottom 
surfaces and the tdp and bottomi surfaces I m from the WP have three segments: Segments 10 to 12.  
The top and bottom surfaces 2 m from the WP also have three segments: Segments 10, 11, and 13.
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Inner Lid I

NOTE: Drawing not to scale.

Figure 1. Source Region Representation in MCNP Calculations
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Homogenized BWR Assembly 

Basket Assembly 

Inner Shell (SS 316) 

Outer Shell (Alloy 22)

NOTE: The extra-cell shown for the inner shell has been created for geometric importance sampling in MCNP.  

Figure 2. Lateral View of WP with Basket Assembly for MCNP Calculations

I
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Homogenized BWR Assembly 

Inner Shell (SS 316) 

Outer Shell (Alloy 22) 

NOTE: The extra-cell shown for the inner shell has been created for geometric importance sampling in MCNP.  

Figure 3. Lateral View of WP Without Basket Assembly for MCNP Calculations
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100 cm 

I100 cm

100 cm
Segment 

Segment 2 

Segment 3

Segment 4

Segment 5
-----------

Segment 6

Segment 7
--- - - - ------

i 

SSegment 10 Segment 11 
100 cm '40-cm radius 39.7 cm 

i•0-,4

I 100 cm

:Segment 12 
100 cm

Segment 8

Segment 9

Segment 13 
200 cm

23.144 cm 

22.2885 cm 

28.5496 cm 

73.152cm 

73.152 cm 
7.1c 

73.152 cm 

73.152 cm 
S73.152 cm 

18.7579 cm r-.

NOTES: a Drawing not to scale.  
bThe segments used in dose calculations for the top surface of the WP cavity and bottom surface of the outer 
top lid are presented in Figures 5 and 6.

Figure 4. Surface Segments Used for Dose Rate Calculations
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Segment 19 
12.7 cm 

Segment 18 
10cm 

egment 17 
10 cm 

Segment 16 
10cm 

Segment 15 

10 
cm, 

Segmentl14 
"" -SS ,40cm 

NOTE: Drawing not to scale.  

Figure 5. Segments of the Top Surface of the WP Cavity Used in Dose Rate Calculations

NOTE:' Drawing not to scale.

-Figure 6. Segments of the Bottom Surface of the Top Outer Lid Used in Dose Rate Calculations

I Waste Package Project Calculation
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6. RESULTS 

The tables included in this section present the gamma and neutron surface dose rates calculated by 
MCNP, the total surface dose rates calculated using Equation 3, and its associated relative error 
calculated using Equations 4 and 5. The results presented in Tables 11 through 34 are based on 
unqualified information (radiation source terms and element compositions of the hardware regions) 
that requires confirmation.  

This document may be affected by technical product input information that requires confirmation.  
Any changes to the document that may occur as a result of completing the confirmation activities 
will be reflected in subsequent revisions. The status of the technical product input information 
quality may be confirmed by review of the DIRS database.  

6.1 BOUNDING SOURCE FOR THE ACTIVE FUEL REGION 

This section presents surface dose rates for the WP containing BWR SNF with the following 
characteristics: 5.5-wt% initial 25U, 75.0-GWd/MTU burnup, and a 5-year decay time. The source 
terms for the BWR SNF assembly with these bumup and decay characteristics generate conservative 
(higher) surface dose rates only for the active fuel region.  

6.1.1 Basket Assembly Inside the WP ' 

Tables 11 through 16 present surface dose rates averaged over segments of the radial and axial 
surfaces of the 44-BWR WP (see Figures 4, 5, and 6 for segment locations). The WP contains the 
basket assembly inside.  

Table 11. Dose Rates on the Inner Surface of the Inner Shell: Bounding BWR SNF

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(remlh) Error (rem/h) Error (remlh) Error 

Segment I 5.6240E+03 0.0216 5.6550E+00 0.0108 5.6297E+03 0.0216 

Segment 2 1.3850E+04 0.0127 9.0073E+00 0.0089 1.3859E+04 0.0127 

Segment 3 2 8091 E+04 0.0076 1.7809E+01 0.0059 2.8109E+04 0.0076 

Segment 4 3.3824E+04 0.0040 4.1334E+01 0.0028 3.3866E+04 0.0040 

Segment 5 3.6222E+04 0.0039 5.1651E+01 0.0024 3.6273E+04 0.0039 

Segment 6 3.4280E+04 0.0040 5.2248E+01 0.0024 3.4332E+04 0.0040 

Segment 7 3.4250E+04 0.0040 5.1225E+01 0.0024 3.4301 E+04 0.0040 

Segment 8 3.4499E+04 0.0040 4.2353E+01 0.0027 3.4541E+04 0.0040 

Segment 9 1.3655E+04 0.0129 2.1052E+01 0.0064 1.3676E+04 0.0129
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Table 12. Dose Rates on the Inner Surface of the Outer Shell: Bounding BWR SNF

Axial Location Gamma Neutron. - Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
I (remlh) Error (rem/h) Error - (rem•lh) Error 

Segment I 4.7359E+02 0.0285 2.5325E+00 0.0101 4.7613E+02 0.0283 

Segment2 1.3867E+03 0.0173-- 4.1106E+00 - 0.0082 .1.3908E+03 0.0172 

"Segment 3 2.8038E+03 0.0108 8.5294E+00 0.0055 +2.8123E+03 0.0108 

Segment 4 2.3870E+03 0.0061 2.0281 E+01 0.0025 2,4073E+03 0.0060 

Segment 5 2.4463E+03. 0.0059 2.5212E+01 0.0023 2.4715E+03 0.0058 

Segment 6 . 2.3220E+03 0.0060- 2.5409E+01 - 0.0022 2.3474E+03 0.0059 

Segment 7 2.3566E+03- , 0.0060 2.5092E+01 0.0023 2.3817E+03 0.0059 

Segment 8 2.3943E+03 0.0060 2.0747E+01 0.0025 2.4151E+03 0.0059 

,Segment 9 1.0196E+03 0.0198 1.0088E+01 - 0.0060 .1.0297E+03 0.0196 

Table 13. Dose Rates on the WP Outer Radial Surface: Bounding BWR SNF 

Axial Location Gamma Neutron Total 

- Dose Rate - Relative Dose Rate Relative Dose Rate Relative 
(remnh) Error (remlh), Error (remlh) Error 

Segment I - 1.5803E+02 0.0322 1.0552E+00 0.0104 1.5908E+02 -0.0320 

Segment 2 4.7215E+02 0.0193 1.7524E+00 0.0082 4.7391 E+02 0.0192 

Segment 3 9.3639E+02 0.0124 3.7641E+00 0.0054 9.4015E+02 0.0124 

Segment 4 6.6595E+02 0.0074 9.0982E+00 0.0025 - 6.7505E+02 0.0073 

Segment 5 6.6738E+02 0.0072, 1.1251E+01 0.0022 :- 6.7863E+02 0.0071 

Segment 6 6.3107E+02 0.0074- 1.1320E+01, 0.0022 6.4239E+02 0.0073 

Segment 7 6.4482E+02 0.0073 - 1.1173E+01 0.0022 6.5599E+02 0.0072 

Segment 8 ,6.5222E+02, 0.0073 9.3195E+00 0.0025 6.6154E+02 0.0072 

Segment 9 3.0889E+02 0.0239 4.4262E+00 0.0059 3.1332E+02 0.0236

IWaste Package Project Calculation
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Table 14. Dose Rates on a Radial Surface 1 m from the WP: Bounding BWR SNF

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(remih) Error (rem/h) Error (remlh) Error 

Segment I 1.1905E+02 0.0136 9.5257E-01 0.0038 1.2001E+02 0.0135 

Segment 2 1.5726E+02 0.0119 1.2358E+00 0.0034 1.5850E+02 0.0118 

Segment 3 1.9705E+02 0.0098 1.6124E+00 0.0027 1.9866E+02 0.0097 

Segment 4 2.3312E+02 0.0061 2.3553E+00 0.0017 2.3548E+02 0.0060 

Segment 5 2.3958E+02 0.0055 3.0799E+00 0.0015 2.4265E+02 0.0054 

Segment 6 2.3687E+02 0.0054 3.2863E+00 0.0014 2.4016E+02 0.0053 

Segment 7 2.3145E+02 0.0056 3.0768E+00 0.0015 2.3452E+02 0.0055 

Segment 8 1.8594E+02 0.0064 2.3268E+00 0.0017 1.8827E+02 0.0063 

Segment 9 1.2249E+02 0.0125 1.6262E+00 0.0032 1.2411 E+02 0.0123 

Table 15. Dose Rates on a Radial Surface 2 m from the WP: Bounding BWR SNF 

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(rem/h) , Error (remlh) Error (remlh) Error 

Segment I 7.5798E+01 0.0117 7.4946E-01 0.0032 7.6548E+01 0.0116 

Segment 2 8.9118E+01 00114 8.5887E-01 0.0030 8.9977E+01 0.0113 

Segment 3 1.0253E+02 0.0092 9.9650E-01 0.0025 1 1.0353E+02 0.0091 

Segment 4 1.2334E+02- 0.0059 1.2520E+00 0.0016 1.2459E+02 0.0058 

Segment 5 1.3880E+02 0.0053 1.5344E+00 0.0014 1.4033E+02 0.0052 

Seg'ment 6 1.3821 E+02 0.0052 1.6334E+00 0.0014 1.3984E+02 0.0051 

Segment 7 1.2746E+02 0.0054 1.5300E+00 0.0014 1.2899E+02 0.0053 

Segment 8 1.0089E+02 0.0061 1.2345E+00 0.0016 1.0212E+02 0.0060 

Segment 9 7.7351E+01 0.0117 9.9713E-01 0.0030 7.8348E+01 0.0116

IWaste Package Project Calculation
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Table 16. Dose Rates on the Axial Surfaces: Bounding BWR SNF'

Surface Segment Gamma Neutron Total 

"Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(remlh) Error (remlh) Error ,- (rem/h) Error 

Top of the WP cavity Segment 14 1.1941E+04 0.0335 7.9158E+00 0.0205 1.1949E+04 0.0335 

(See Figure 5) Segment 15 1.1639E+04 0.0306 7.6218E+00 0.0181 1.1647E+04 0.0306 

Segment 16 1.0692E+04 0.0274 7.0729E+00 -0.0159 1.0699E+04 0.0274 

Segment 17 9.4588E+03 0.0248- 6.6457E+00 0.0143 9.4655E+03 0.0248 

Segment 18 7.7933E+03 0.0259 6.0892E+00 0.0137 7.7994E+03 0.0259.  

Segment 19 4.7796E÷03 0.0280 5.2235E+00 0.0127 4.7848E+03 0.0280 

Bottom of the 6uter Segment 14 1.0574E+03 0.0463 3.7255E+00 0.0191 1.0611E+03 0.0461 

upper lid; 7 Segment 20 9.3543E+02 -0.0291 3.4376E+00 0.0123 9.3887E+02 0.0290 
(See Figure 6) 

Segment 21 7.3084E+02 0.0260 2.9058E+00 °0.0104 7.3374E+02 0.0259, 

-Segment 22 3.2909E+02 -0.0336 1.9195E+00 0.0113 3.3100E+02 0.0334 

Top of WP Segment 10 2.9987E+02 0.0309 1.4042E+00 0.0126 3.0127E+02 0.0308' 

(See Figure 4) Segment 11 1.4838E+02 0.0260 8.9147E-01 0.0094 1.4927E+02 0.0258, 

Segment 12 6.5519E+01 0.0157 5.4811E-01 0.0039 6.6067E+01 0.0156' 

1 m from the WP top WP top surface 8.0962E+01 0.0249 2.5339E-01 0.0095 8.1216E+01 0.0248 
"(See Figure 4) 

Segment 13 2.1402E+01 0.0116 2.4668E-01 0.0028 2.1649E+01 0.0115 

2 m from the WP top WP top surface 3.9909E+01 0.0316 1.0180E-01 0.0125 4.0010E+01 0.0315 
(See Figure 4) Segment 13 1.3474E+01 '0.0159 1.2343E-01 0.0036 1.3598E+01 , 0.0158 

Bottom of WP cavity Segment 10 2.5455E+04 0.0170 4.7140E+01 0.0059 2.5502E+04 0.0170, 
(See Figure4) Segment 10 1.4324E+04 -0.0151 1.5904E+01 '0.0060 1.4340E+04 0.0151 

Bottom of the inner Segment 10 3.3287E+02 0.0328 1.1023E+01 0.0067 3.4389E+02 0.0317, 
ower lid (See Figure 4) # Segment 1 0 b 1.9752E+02 0.0267 6.5085E+00 0.0054 2.0403E+02 0.0258 

Bottom of WP Segment 10 9.2746E+01 0.0416 4.4811E+00 0.0073 9.7227E+01 0.0397' 

(See Figures 4 and 6) Segment 11 '4.8825E+01 0.0338 2.4348E+00 0.0058 5.1260E+01 0.0322 

Segment 12 6.5158E+01 0.0140 1.2149E+00 0.0031 6.6373E+01 0.0137 

Surface I nm from the WP bottom 2.4801E+01 0.0332 7.3213E-01 0.0057 2.5533E+01 0.0322, 

WP bbttom -surface - , 

(See Figure 4)-. Segirent 13 1.5042E+01 70.0103 - 4.4140E-01 0.0024 1.5483E+01 0.0100 

Sdrface 2 m from the _WP bottom 1.2020E+01 0.0433 2.8720E-01 ,0.0073-- 1.2307E+01 0.0423 
WP bottom *surface ....  

(See Figure 4) Segment 13 6.5715E+00 0.0150 2.3237E-01 0.0030 6.8039E+00 0.0145

I NOTE: "The segment outside Segment 10 and delimited by the radius of the cavity.  
b The segment outside Segment 10 and delimited by the inner surface of the outer shell.

I 
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6.1.2 No Basket Assembly Inside the WP 

Tables 17 through 22 present surface dose rates averaged over segments of the radial and axial 
surfaces of the 44-BWR WP (see Figures 4, 5, and 6 for segment locations). The WP basket 
assembly is neglected.  

Table 17. Dose Rates on the Inner Surface of the Inner Shell: Bounding BWR SNF, No Basket

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(remlh) Error (remlh) Error (rem/h) Error 

Segment I 3.1480E+04 0.0096 1.4157E+01 0.0072 3.1494E+04 0.0096 

Segment 2 5.0318E+04 0.0071 1.8160E+01 0.0064 5.0337E+04 0.0071 

Segment 3 7.8947E+04 0.0047 2.8022E+01 0.0047 7.8975E+04 0.0047 

Segment 4 9.6089E+04 0.0027 5.6818E+01 0.0024 9.6146E+04 0.0027 

Segment 5 9.9138E+04 0.0027 7.2500E+01 0.0021 9.9211E+04 0.0027 

Segment 6 9.8720E+04 0.0027 7.4863E+01, .0.0020 9.8795E+04 0.0027 

Segment 7 9.8566E+04 0.0027 7.2906E+01 0.0021 9.8639E+04 0.0027 

Segment 8 9.0635E+04 0.0027 5.8620E+01 0.0024 9.0694E+04 0.0027 

Segment 9 4.5210E+04 0.0080 3.4068E+01 0.0050 4.5244E+04 0.0080 

Table 18. Dose Rates on the Inner Surface of the Outer Shell: Bounding BWR SNF, No Basket 

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(remlh) Error (rem/h) Error (remlh) Error 

Segment I 2.6917E+03 0.0123 5.8050E+00, 0.0070 2.6975E+03 0.0123 

Segment 2 5.1091E+03 0.0092 7.8819E+00 0.0063 5.1170E+03 0.0092 

Segment 3 8.0951E+03 0.0064 1.2804E+01 0.0047 8.1079E+03 0.0064 

Segment 4 6.9446E+03 0.0036 2.7138E+01 0.0023 6.9717E+03 0.0036 

Segment 5 6.7154E+03 0.0036 3.4289E+01 0.0020 6.7497E+03 0.0036 

Segment 6 6.6901 E+03 0.0036 '3.5305E+01 0.0020 6.7254E+03 0.0036 

Segment 7 6.7078E+03 0.0036 3.4519E+01 0.0020 6.7423E+03 0.0036 

Segment 8 6.4404E+03 0.0037 2.7908E+01 0.0023 6.4683E+03 0.0037 

Segment 9 3.1743E+03 0.0112 1.5587E+01 0.0050 3.1898E+03 0.0111'
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Table 19. Dose Rates on'the WP Outer Radial Surface: Bounding BWR SNF, No Basket

Axial Location Gamma Neutron Total 

- Dose Rate Relative :Dose Rate Relative Dose Rate Relative 
(rem/h) Error ' (rem/h) Error " (remih) Error 

Segment 1 9.1188E+02 0.0138 2.5740E+00- 0.0069 9.1445E+02 0.0138 

Segment 2 1.7887E+03 0.0104 3.5034E+00 -" 0.0062 "- 1.7922E+03', 0.0104 

Segment 3 2.7535E+03 0.0073 -'5.7800E+00 0.0045 2.7593E+03 0.0073 

Segment 4 1.9644E+03 0.0043 1 1.2466E+01 0.0022 1.9768E+03 - 0.0043 

Segment 5 1.8487E+03 0.0043 1.5665E+01 0.0019 1.8643E+03 0.0043 

Segment 6 1.8426E+03 0.0043 1.6069E+01 0.0019 1.8587E+03, 0.0043 

Segment 7 1.8560E+03 0.0043 1.5754E+01 0.0019"- 1.8718E+03 0.0043 

Segment 8 1.7902E+03 0.0044 1.2779E+01 0.0022 1.8030E+03 0.0044 

Segment 9 9.5855E+02 0.0136 6.9907E+00 0.0048 9.6554E+02 0.0135 

Table 20. Dose Rates on a Radial Surface 1 m from the WP: Bounding BWR SNF, No Basket 

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(rem/h) Error (remlh) Error (rem/h) Error 

Segment I 4.0494E+02 0.0076 1.4460E+00 0.0033 4.0638E+02 0.0076 

Segment 2 5.0330E+02 0.0068 1.8384E+00 0.0029 5.0514E+02 0.0068 

Segment 3 5.9852E+02 0.0057 2.3276E+00 0.0024 6.0084E+02 0.0057 

Segment 4 6.7847E+02 0.0036 3.3207E+00 0.0015 6.8179E+02 0.0036 

Segment 5 6.8580E+02 0.0032 4.3135E+00 0.0013 6.9011 E+02 0.0032 

Segment 6 6.7916E+02 0.0032 4.6179E+00 0.0012 6.8377E+02 0.0032 

Segment 7 6.4836E+02 0.0033 4.3121E+00 0.0013 6.5267E+02 0.0033 

Segment 8 5.1838E+02 0.0038 3.2747E+00 0.0015 5.2165E+02 0.0038 

Segment 9 3.5083E+02 0.0074 2.3164E+00 0.0028 3.5315E+02 0.0074
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Table 21. Dose Rates on a Radial Surface 2 m from the WP: Bounding BWR SNF, No Basket 

Axial Location Gamma Neutron Total 

-, Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(remlh) - • Error (remlh) Error (remih) Error 

Segment I 2.4375E+02 - 0.0069 1.0850E+00 0.0028 2.4484E+02 0.0069 

Segment 2 2.7508E+02 0.0064 1.2411 E+00 0.0026 2.7632E+02 0.0064 

Segment 3 3.0931E+02 0.0055 1.4233E+00. 0.0022 3.1073E+02 0.0055 

Segment 4 3.6049E+02 0.0035 1.7716E+00 0.0014 3.6226E+02 0.0035 

Segment 5 3.9499E+02 0.0031 2.1569E+00 0.0013 3.9714E+02 0.0031 

Segment 6 3.9212E+02 0.0031 2.2952E+00 0.0012 3.9441E+02 0.0031 

Segment 7 3.5767E+02 0.0032 2.1450E+00 0.0013, 3.5981E+02 0.0032 

Segment 8 2.8238E+02 0.0036 1.7383E+00 0.0014 2.8412E+02 0.0036 

Segment 9 2.1942E+02 0.0068 1.4073E+00 0.0027 2.2083E+02 0.0068

I
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Table 22. Dose Rates on the Axial Surfaces: Bounding BWR SNF, No Basket 

Surface Segment Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(remlh) Error (rem/h) - Error (rem/h) Error 

,Top of the WP cavity Segment 14 4.4593E+04 0.0171 1.7126E+01 0.0131 4.4610E+04 0.0171 

(See Figure 5) ' Segment 15 4.2697E+04 0.0158 1.6191E+01 0.0118 4.2713E+04 0.0158 

Segment 16 4.0012E+04 0.0139 1.5664E+01 0.0101 4.0027E+04 0.0139 

Segment 17 3.6576E+04 0.0129 1.4704E+01 0.0093 3.6591E+04 0.0129 

Segment 18 3.1287E+04 0.0127 1.4182E+01 0.0087 3.1301E+04 0.0127 

Segment 19 2.8504E+04 0.0111 1.3208E+01 0.0076 2.8517E+04 0.0111 

Bottom of the outer Segment 14 3.8447E+03 0.0251 8.8869E+00 0.0136 3.8536E+03 0.0250 
upper lid Segment 20 3.2891E+03 0.0154 7.9669E+00 0.0085 3.2971E+03 0.0154 

(See Figure 6)'. Segment 21 2.5854E+03 0.0135 - 6.9208E+00 0.0071 2.5923E+03 0.0135 

Segment 22 1.7198E+03 0.0147 - 4.8660E+00 0.0075 1.7247E+03 0.0147 

Top of WP Segment 10 1.0372E+03 0.0164 - 3.5115E+00 00086 1.0407E+03 0.0163 

(See Figure 4) Segm~ent 11 5.9798E+02 0.0126 2.3737E+00 0.0061 6.0036E+02 0.0126 

Segment 12 3.0061E+02 -0.0086 9.7627E-01 0.0035 3.0159E+02 .0.0086 

I m from the WP top WP top surface 2.6105E+02 0.0128 6.5999E-01 0.0062 2.6171E+02 0.0128 

(See Figure 4) Segment 13 8.6123E+01 0.0063 4.2886E-01 0.0025 8.6552E+01 0.0063, 

2 m from the WP top WP top surface 1.1867E+02 -0.0163- 2.6820E-01 0.0082 1.1894E+02 0.0163 
(See Fig~ire 4) 

Segment 13 5.2550E+01 0.0083 2.2945E-01 0.0031 5.2780E+01 0.0083 

Bottom of WP cavity Segment 10 6.5197E+04 0.0099 7.8194E+01 0.0044 6.5276E+04 0.0099 

(See Figure 4) # Segment 10o 3.5487E+04 00088 2.0883E+01 0.0047 3.5508E+04 0.0088 

Bottom of the inner Segment 10 7.051.5E+02 0.0221 1.5824E+01 '0.0057 7.2097E+02 0.0216 

lower lid (See Figure 4) Segment 10 b 4.4217E+02 0.0164 1.0178E+01 0.0044 4.5235E+02 0.0160 

Bottom of WP .. Segment 10- 1.7263E+02 0.0288- 6.6265E+00- 0.0062 1.7925E+02 -0.0277, 

(See Figures 4 and 6) Segment 11 9.9993E+01 0.0221- 3.9351E+00 0.0047 1.0393E+02 0.0213 

_ _ Segment 12 2.0292E+02 -0.0081 -1.8109E+00 0.0027 2.0473E+02 0.0080 

Surface I mfrom the WP bottom 4.6774E+01 0.0224 1.1305E+00 0.0047 4.7905E+01 0.0219 
WP bottom surface 

(See Figure 4) Segment 13 4.3144E+01 ý0.0060 6.5394E-01 0.0021 4.3798E+01 0.0059 

Surface 2 m fr6m the WP bottom 2.1485E+01 0.0292 4.4411_E-01 -0.0061 2.1929E-01 0.0286 
WP bottom surface 

(See Figure 4) Segment 13 1.7065E+01 0.0085 3.4864E-01 0.0026 1.7413E+01 0.0083'I I
NOTE: The segment outside Segment 10 and delimited by the radius of the cavity...  

b The segment outside Segment 10 and delimited by the inner surface of the outer shell.
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6.2 HYPOTHETICAL BOUNDING SOURCE 

Tables 23 through 28 present dose rates averaged over segments of the WP radial and axial surfaces 
for a hypothetical BWR SNF (see Figures 4, 5, and 6 for segment locations). The source terms have 
the following characteristics: 5.5-wt% initial 235U, 75.0-GWd/MTU bumup, and a 5-year decay time 
for the active fuel, and 0.711-wt% initial3'U, 75.0-GWd/MTU burnup, and a 5-year decay time for 
the hardware regions. These source terms generate conservative (higher) surface dose rates for the 
hardware regions. The WP contains the basket assembly inside.  

Table 23. Dose Rates on the Inner Surface of the Inner Shell: Hypothetical BWR SNF

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(rem/h) Error (remlh) Error (remlh) Error 

Segment I 8.9552E+03 0.0171 5.6550E+00 0.0108 8.9609E+03 0.0171 

Segment 2 2.1824E+04 0.0101 9.0073E+00 0.0089 2.1833E+04 0.0101 

Segment 3 4.0864E+04 0.0062 1.7809E+01 0.0059 4.0882E+04 0.0062 

Segment 4 3.5136E+04 0.0040 4.1334E+01 - 0.0028 3.5177E+04 0.0040 

Segment 5 3.6224E+04 0.0039 5.1651E+01 0.0024 3.6276E+04 0.0039 

Segment 6 3.4293E+04 0.0040 5.2248E+01 0.0024 3.4345E+04 0.0040 

Segment 7 3.4270E+04 0.0040 5.1225E+01 0.0024 3.4322E+04 0.0040 

Segment 8 3.4770E+04 0.0040 4.2353E+01 0.0027 3.4812E+04 0.0040 

Segment 9 1.6180E+04 0.0119 2.1052E+01 0.0064 1.6201E+04 0.0119 

Table 24. Dose Rates on the Inner Surface of the Outer Shell: Hypothetical BWR SNF 

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(remlh) Error (remlh) Error (rem/h) Error 

Segment 1 7.5592E+02 0.0225 2.5325E+00 0.0101 7.5845E+02 0.0224 

Segment 2 2.2845E+03 0.0136 4.1106E+00 0.0082 2.2886E+03 0.0136 

Segment 3 4.2884E+03 0.0088 8.5294E+00 0.0055 4.2969E+03 0.0088 

Segment 4 2.5087E+03 0.0060 2.0281 E+01 0.0025 2.5290E+03 0.0060 

Segment 5 2.4464E+03 0.0059 2.5212E+01 0.0023 2.4716E+03 0.0058 

Segment 6 2.3226E+03 0.0061 2.5409E+01 0.0022 2.3480E+03 0.0060 

Segment 7 2.3569E+03 0.0060 2.5092E+01 0.0023 2.3820E+03 0.0059 

Segment 8 2.4219E+03 0.0060 2.0747E+01 0.0025 2.4426E+03 0.0059 

Segment 9 1.3255E+03 0.0180 1.0088E+01 0.0060 1.3356E+03 0.0179

I
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Table 25. Dose Rates on the WP Outer Radial Surface: Hypothetical BWR SNF 

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 

(remih) Error (remnh) Error (remih) -Error 

Segment I 2.5209E+02 0.0253 1.0552E+00 0.0104 2.5315E+02 0.0252 

Segment 2 7.8426E+02 0.0153 1.7524E+00 0.0082 7.8602E+02 0.0153 

Segment 3 1.4589E+03 0.0101 3.7641E+00 0.0054-" 1.4627E+03 0.0101 

Segment 4 7.0856E+02 0.0072 9.0982E+00 0.0025 7.1765E+02 0.0071 

Segment 5 6.6747E+02 0.0072 1.1251E+01 0.0022 6.7872E+02 0.0071 

Segment 6 '6.3113E+02 0.0074 1.1320E+01 0.0022 6.4245E+02 0.0073 

Segment 7 6.4486E+02 0.0073 1.1173E+01 0.0022 6.5604E÷02 0.0072 

Segment 8 6.6068E+02 - 0.0073 9.3195E+00 0.0025 6.7000E+02 0.0072 

Segment 9 4.1208E+02 0.0214 4.4262E+00 0.0059-- 4.1651E+02 - 0.0212 

Table 26. Dose Rates on a Radial Surface I m from the WP: Hypothetical BWR SNF 

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(remlh) Error (rem/h) Error (remlh) Error 

Segment 1 1.6875E+02 0.0119 9.5257E-01 0.0038 1.6970E+02 0.0118 

Segment 2 2.1688E+02 0.0106 1.2358E+00 0.0034 2.1812E+02 0.0105 

Segment 3 2.6114E+02 0.0090 1.6124E+00 0.0027 2.6275E+02 0.0089 

Segment 4 2.7170E+02 0.0058 2.3553E+00 0.0017 2.7405E+02 0.0058 

Segment 5 2.4934E÷02 0.0054 3.0799E+00 0.0015 2.5242E+02 0.0053 

Segment 6 2.3958E+02 0.0054 3.2863E+00 0.0014 2.4287E+02 0.0053 

Segment 7 2.3350E+02 0.0056 3.0768E+00 0.0015 2.3657E+02 0.0055 

Segment 8 1.9158E+02 0.0064 2.3268E+00 0.0017 1.9390E+02 0.0063 

Segment 9 1.3044E+02 0.0124 1.6262E+00 0.0032 1.3206E+02 0.0122
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Table 27. Dose Rates on a Radial Surface 2 m from the WP: Hypothetical BWR SNF 

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(rem/h) Error (remlh) Error (remih) Error 

Segment I 9.7198E+01 0.0109 7.4946E-01 0.0032 9.7947E+01 0.0108 

Segment 2 1.1260E+02 0.0108 8.5887E-01 0.0030 1.1346E+02 0.0107 

Segment 3 1.2539E+02 0.0088 9.9650E-01 0.0025 1.2639E+02 0.0087 

Segment 4 1.4231 E+02 '0.0057 1.2520E+00 0.0016 1.4356E+02 0.0057 

Segment 5 1.4926E+02, 0.0052 1.5344E+00 0.0014 1.5079E+02 0.0051 

Segment 6 1.4354E+02 0.0051 1.6334E+00 0.0014 1.4517E+02 0.0050 

Segment 7 1.3058E+02 0.0053 1.5300E+00 0.0014 1.3211E+02 0.0052 

Segment 8 1.0430E+02 0.0061 1.2345E+00 0.0016 1.0553E+02 0.0060 

Segment 9 8.0782E+01 0.0117 9.9713E-01 0.0030 8.1779E+01 0.0116

Waste Package Project Calculation

Pane 34 of 42



CalculationWaste Package Project

Title: Dose Rate Calculation for the 44-BWR UCF Waste Package 
Document Identifier: CAL-UDC-NU-000003 REV 01 Page 35 of 42

Table 28. Dose Rates on the Axial Surfaces: Hypothetical BWR SNF

Surface Segment Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(remlh) Error (rem/h) Error (rem/h) . Error 

Top of the WP cavity Segment 14 2.0066E+04 0.0270 7.9158E+00 0.0205 2.0074E+04 0.0270 

(See Figure 5) Segment 15 1.9074E+04 0.0244 7.6218E+00 0.0181 1.9081E+04 0.0244 

Segment 16 1.7185E+04 0.0212 7.0729E+00 0.0159 1.7192E+04 0.0212 

Segment 17 - 1.5577E+04 0.0199 6.6457E+00 0.0143- 1.5584E+04 0.0199 

Segment 18 1.2730E+04 0.0202 6.0892E+00 0.0137 1.2736E+04 0.0202 

Segment 19 7.6269E+03 0.0224 5.2235E+00 0.0127 7.6322E+03 0.0224 

Bottom of the outer Segment 14 1.6906E+03 0.0377 3.7255E+00 0.0191 1.6944E+03 0.0376 
upper lid Segment 20 1.5320E+03 0.0230 3.4376E+00 0.0123 1.5354E+03 0.0229 

(See Figure 6) Segment 21 1.1588E+03 0.0208 2.9058E+00 0.0104 1.1617E+03 0.0207 

Segment22 5.4223E+02 0.0264 1.9195E+00 0.0113 5.4415E+02 0.0263 

Top of WP 'Segment 10 4.9415E+02 0.0244 1.4042E+00 0.0126 4.9555E+02 0.0243 

- (See Figure 4) Segment 11 2.4252E+02 0.0204 8.9147E-01 0.0094 2.4341E+02 0.0203 

Segment 12 9.8722E+01 0.0132 5.4811E-01 0.0039 9.9270E+01 0.0131 

1 m from the WP top' WP top surface 1.3170E+02 0.0197 2.5339E-01 0.0095 1.3195E+02 0.0197 

(See Figure 4) Segment 13 3.1543E+01 0.0099 2.4668E-01 0.0028 3.1789E+01 0.0098 

2 m from the WP top WP top surface 6.4991E+01 0.0247 1.0180E-01 0.0125 6.5093E+01 0.0247 

(See Figure 4) Segment 13 2.0729E+01 0.0132 1.2343E-01 0.0036 2.0853E+01 0.0131 

Bottom of WP cavity Segment 10 3.7643E+04 0.0148 4.7140E+01 0.0059 3.7690E+04 0.0148 

(See Figure 4) - # Segment 10a 2.1402E+04 0.0130 1.5904E+01 0.0060 2.1418E+04 0.0130 

Bottom of the inner- _ Segment 10 5.2189E+02 0.0277 1.1023E+01 0.0067 5.3292E+02 0.0271 
lower lid (See Figure 4) -______ ____ ___________ 

# Segment 10 b 3.1458E+02 0.0219 6.5085E+00 0.0054 3.2109E+02 0.0215 

Bottom of WP Segment 10 1.4331E+02 0.0342 4.4811E+00 0.0073 1.4779E+02 0.0332 

(See Figures 4 and 6) Segment 11 ,7.7209E+01 0.0269 2.4348E+00 0.0058 7.9644E+01 0.0261 

Segment 12' 7.3153E+01 0.0141 1.2149E+00 0.0031 7.4368E+01 0.0139 

Surface 1 m from the WP bottom 3.9534E+01 0.0274 7.3213E-01 0.0057 4.0266E+01 0.0269 
WP bottom - surface

(See Figure 4) S segment 13 1.7266E+01 0.0100 4.4140E-01 0.0024 1.7708E+01 0.0098 

Surface-2 rn from the WP botto m 1.9128E+01 0.0350 2.8720E-01 0.0073 1.9415E+01 0.0345 
WP bottom surface 

(See Figure 4) Segment 13 8.5494E+00 0.0144 2.3237E-01 0.0030 8.7817E+00 0.0140 

NOTE: 8 The segment outside Segment 10 and delimited by the radius of the cavity.  
b The segment outside Segment 10 and delimited by the inner surface of the outer shell.

I>
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6.3 AVERAGE SOURCE 

Tables 29 through 34 present surface dose rates averaged over segments of radial and axial surfaces 
of the WP containing SNF with the following characteristics:3.5-wt% initial 2"U, 40.0-GWd/MTU 
burnup, and a 22-year'decay time (see Figures 4, 5, and 6 for segment locations). The WP contains 
the basket assembly inside.  

Table 29. Dose Rates on the Inner Surface of the Inner Shell: Average BWR SNF

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(remlh) Error (rem/h) Error (rem/h) Error 

Segment 1 5.0823E+02 0.0353 4.7510E-01 0.0114 5.0870E+02 0.0353 

Segment 2 1.2962E+03, 0.0210 7.4224E-01 0.0093 1.2969E+03 0.0210 

Segment 3 3.2470E+03 0.0108 1.5080E+00 0.0062 3.2485E+03 0.0108 

Segment 4 6.6001 E+03 0.0043 3.4376E+00 0.0028 6.6035E+03 0.0043 

Segment 5 7.3370E+03 0.0041 4.2597E+00 0.0025 7.3412E+03 0.0041 

Segment 6 6.9245E+03 0.0042 4.2701 E+00 0.0025 6.9288E+03 0.0042 

Segment 7 6.9495E+03 0.0043 4.2086E+00 0.0025 6.9537E+03 0.0043 

Segment 8 6.9409E+03 0.0042 3.5299E+00 0.0028 6.9444E+03 0.0042 

Segment 9 2.3418E+03 0.0150 1.7752E+00 0.0067 2.3436E+03 0.0150 

Table 30. Dose Rates on the Inner Surface of the Outer Shell: Average BWR SNF 

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(rem/h) Error (rem/h) Error (rem/h) Error 

Segment 1 4.1161E+01 0.0463 2.1137E-01 0.0106 4.1373E+01 0.0461 

Segment 2 1.2361E+02 0.0284 3.4273E-01 0.0085 1.2395E+02 0.0283 

Segment 3 2.7836E+02 0.0159 7.1821E-01 0.0057 2.7908E+02 0.0159, 

Segment 4 4.3300E+02 0.0064 1.6931 E+00 0.0026 4.3470E+02 0.0064 

Segment 5 4.6499E+02 0.0061 2.0708E+00 0.0023 4.6706E+02 0.0061 

Segment 6 4.3435E+02 0.0063 2.0684E+00 0.0023 4.3642E+02 0.0063 

Segment 7 4.4377E+02 0.0063 2.051OE+00 0.0023 4.4582E+02 0.0063 

Segment 8 4.4811E+02 0.0063 1.7234E+00 0.0026 4.4983E+02 0.0063 

Segment 9 1.4630E+02 0.0229 8.4019E-01 0.0062 1.4714E+02 0.0228

K"
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Table 31. Dose Rates on the WP Outer Radial Surface: Average BWR SNF

Axial Location Gamma Neutron = Total -

Dose Rate -Relative Dose Rate Relative Dose Rate Relative 
(remlh) Error (rem/h) Error (remlh) Error 

Segment 1 1.3499E+01 0.0534 8.8164E-02 0.01 09'_ -'1.3587E+01 0.0531 

Segment2* 4.2313E+01 0.0318 1.4704E-01 0.0086'_ 4.2460E+01 0.0317 

Segment 3 8.7916E+01 0.0189 •3.1562E-01 0.0056 8.8231E+01 0.0188 

"Segmert 4 1.1293E+02 0.0077 7.5841E-01 0.0026 1.1369E+02 0.0076 

Segment5'- 1.1869E+02 0.0073 9.2539E-01 0.0023 1.1961E+02 - 0.0072 

Segment 6 1.1156E+02 0.0075 9.2270E-01 0.0023 1.1248E+02 0.0074 

Segment 7 "1.1485E+02 0.0075-- 9.1358E-01 0.0023- 1.1576E+02 0.0074 

Segment 8 1.1 507E-02 0.0075 '7.7282E-01 0.0025 1.1584E+02 - 0.0074 

Segment 9 3.9840E+01 0.0287 =3.7196E-01 0.0062 4.0212E+01 0.0284 

Table 32. Dose Rates on a Radial Surface 1 m from the WP: Average BWR SNF 

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
(remlh) Error (remlh) Error (remlh) Error 

Segment I 1.3840E+01 0.0175 7.9343E-02 0.0040 1.3919E+01 0.0174 

Segment 2 1.9044E+01 0.0147 1.0255E-01 0.0036 1.9147E+01 0.0146 

Segment 3 2.6024E+01 0.0115 1.3332E-01 0.0028 2.6157E+01 0.0114 

Segment 4 3.6090E+01 0.0066 1.9469E-01 0.0018 3.6285E+01 0.0066 

Segment 5 4.1181E+01 0.0056 2.5321E-01 0.0015 4.1435E+01 0.0056 

Segment 6 4.1772E+01 0.0055 2.6890E-01 0.0014 4.2041E+01 0.0055 

Segment 7 4.0696E+01 0.0057 2.5226E-01 0.0015 4.0948E+01 0.0057 

Segment 8 3.2340E+01 0.0066 1.9222E-01 0.0018 3.2533E+01 0.0066 

Segment 9 2.0696E+01 0.0129 1.3412E-01 0.0033 2.0830E+01 0.0128

Page 37 of 42
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Table 33. Dose Rates on a Radial Surface 2 m from the WP: Average BWR SNF

Axial Location Gamma Neutron Total 

Dose Rate Relative Dose Rate Relative', Dose Rate Relative 
(remlh) Error (remlh) Error (remlh) Error 

Segment 1 1.0450E+01 0.0136 6.1603E-02 0.0034 1.0512E+01 0.0135 

Segment 2 1.2562E+01 0.0129 7.1040E-02 0.0032 1.2633E+01 0.0128 

Segment 3 1.5102E+01 0.0103 8.1805E-02 0.0026- 1.5184E+01 0.0102 

Segment 4 1.9221 E+01 0.0064 1.0323E-01 0.0017 1.9324E+01 0.0064 

Segment 5 2.3158E+01 0.0056 1.2625E-01 0.0015 2.3284E+01 0.0056 

Segment 6 2.3704E+01 0.0053 1.3427E-01 0.0014 2.3838E+01 0.0053 

Segment 7 2.2355E+01 0.0056 1.2552E-01 0.0015 2.2480E+01 0.0056 

Segment 8 1.7467E+01 0.0063 1.0177E-01 0.0017 1.7568E+01 0.0063 

Segment 9 1.3211E+01 0.0118 8.2337E-02 0.0032 1.3293E+01 0.0117

I
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Table 34. Dose Rates on the Axial Surfaces: Average BWR SNF

Surface Segment Gamma Neutron ,jTotal 

Dose Rate Relative Dose Rate Relative Dose Rate Relative 
_(remlh) " Error (remlh) Error- (remlh), -Error 

Top of the WP cavity Segment 14 1.0983E+03 0.0528 - 6.7117E-01 0.0212 1.0990E+03 0.0528 

(See Figure 5) Segment 15 9.9155E+02 0.0504 6.2475E-01 0.0185 9.9218E+02 0.0504 

Segment 16 9.2448E+02 0.0454 5.7584E-01 0.0171 9.2506E+02 0.0454 

. Segment 17 8.0901E+02 0.0415 5.5821E-01 0.0153 8.0956E+02 0.0415 

Segment 18 6.5994E+02 0.0416 5.0917E-01 0.0148 6.6045E+02 '0.0416 

Segment 19 4.0055E+02 0.0445 4.2946E-01 0.0131 4.0098E+02 0.0445 

Bottom of the outer Segment 14 8.9967E+01 0.0742 3.1328E-01 '0.0205 9.0280E+01 0.0739 
upper lid Segment 20 8.0749E+01 0.0493 2.8358E-01 0.0129 8.1033E+01 0.0491 

(See Figure 6) Segment 21 5.7881E+01 0.0441 2.3734E-01 0.0109 5.8118E+01 0.0439 

Segment 22 2.8011E+01 0.0552 1.5860E-01 0.0119 2.8170E+01 0.0549 

Top of WP Segment 10 2.5801E+01 0.0519 1.1609E-01 0.0131 2.5917E+01 0.0517 

(See Figure 4) "Segment 11 1.2286E+01 0.0434 7.3945E-02 -0.0099 1.2360E+01 0.0431 

Segment 12 6.5810E+00 0.0222 4.5690E-02 0.0041- 6.6267E+00 0.0220 

I m from the WP top WP top surface 7.1366E+00 0.0414 2.1091E-02 0.0099 7.1577E+00 0.0413 

(See Figure 4) Segment 13. 2.3134E+00 0.0157, 2.0459E-02 0.0029 2.3339E+00 0.0156 

2 m from the WP top WP top surface 3.5143E+00 0.0510 8.5238E-03 0.0130 3.5228E+00 0.0509 

(See Figure 4) Segment 13 1.3111E+00 0.0232 1.0226E-02 "0.0038 1.3213E+00 0.0230 

Bottom of WP cavity Segment 10 2.9655E+03 0.0219 3.8913E+00 0.0061 2.9693E+03 0.0219 

(See Figure 4) # Segment 10i 1.7264E+03 0.0202 1.3325E+00 0.0062 1.7278E+03 0.0202 

Bottom of the inner Segment 10 3.7348E+01 0.0473, 9.0646E-01 0.0071 3.8254E*01 0.0462 
lower lid (See Figu~re 4) ower# Segment 1 0 b 2.1552E+01 0.0368 5.4788E-01 0.0056 2.21 OOE+01 0.0359 

Bottom of WP Segment 10 9.4253E+00 0.0636 3.6258E-01 0.0076 9.7879E+00 0.0612 

(See Figures 4 and 6) Segment 11 5.0067E+00 0.0490 2.0311E-01 0.0060 5.2098E+00 0.0471 

Segment 12 1.0192E+01 0.0139 1.0105E-01 0.0032 1.0293E+01 0.0138 

Surface I m from the WP bottom 2.4571E+00 0.0503 6.0066E-02 0.0059 2.5171E+00 0.0491 
WP bottom surface 

(See Figure 4).. ,. Segment 13' 2.3507E+00 0.0108- ;3.6579E-02 0.0025 2.3873E+00 0.0106 

Surface 2 m from the WP bottom 1.2209E+00 0.0667 2.3623E-02 0.0077, 1.2445E+00 0.0654 
WP bottom surface 

(See Figure 4) Segment 13 9.2097E-01 0.0171 1.9282E-02 0.0031 9.4025E-01 0.0167 

NOTE: I The segment outside Segment 10 and delimited by the radius of the cavity.  
b The segment outside Segment 10 and delimited by the inner surface of the outer shell.<�>1
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8. ATTACHMENTS 

The attachments of this calculation are listed in Table 35. Electronic output files are provided on 
a compact disk, and are listed in Table 36. Each output file is identified by its name, size (in bytes), 
and the date and time. The input files used are echoed in the output files. It should be noted that for 
files transferred from the HP to the personal computer, the date and time will reflect the time of 
transfer. The actual date and time of run completion can be found in the file.  

Table 35. List of Attachments

Description Attachment Number No. of Pages 

SK-0219 REV 01, page 24 1 
21-PWR Waste Package Concept for License Application 

SK-0192 REV 00, page I 
44-BWR Waste Package Configuration for Site Recommendation 

Atomic density calculation for the homogenized assembly regions III 3 

Total intensity and source region fractions , IV 2 

MCNP electronic output files (compact disk) V N/A 

Table 36. File Attributes for the Contents of Electronic Media 

File Name Calculation File Size (bytes) File Date File Time 

abg.io Gamma dose rates for the WP containing the average 322.111 01/19/2001 4:10 p.m.  
BWR SNF source 

abn.io Neutron dose rates for the WP containing the average 270,372 01/22=2001 8:37 a.m.  
BWR SNF source 

bbg.io Gamma dose rates for the WP containing bounding BWR 297,433 01/22/2001 8:38 a.m.  
SNF source for the active fuel region 

bbn.io Neutron dose rates for the WP containing bounding BWR 276,019 01/22/2001 8:38 a.m.  
SNF source for the active fuel region 

b2bg.io Gamma dose rates for the WP containing the bounding 293,512 01/22/2001 8:37 a.m.  
BWR SNF source for the hardware regions 

bg.io Gamma dose rates for the WP containing bounding BWR 166,678 01/22/2001 8:38 a.m.  
SNF source (basket assembly neglected) 

bn.io Neutron dose rates for the WP containing bounding BWR 153,963 01/22/2001 8:38 a.m.  
SNF source (basket assembly neglected) 

NOTE: The MCNP output files listed in the table are text files.

<-I
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"This attachment presents the atomic density calculations for the -homogenized assembly regions 
using Equations 1 and 2 in Section 5.2.3.

Table Il1-1. Fuel Region Volume

Fuel Region Formula, Volume (cm')

Bottom end-fitting region volume 13.812522*18.7579 3578.73925 

Active fuel region volume 13.812522*365.76 69781.7808 

Plenum region volume 13.812522*28.5496 5446.85567 

Top end-fitting region volume 13.812522*22.2885 4252.32727 

Table 111-2. Light Element Mass by Fuel Region for a GE 2/3 8x8 BWR Fuel Assembly 

Element -Mass (kg) _ _, 

Bottom End-Fitting Active Fuel Region Plenum Region Top End-Fitting 
Region ,_Region 

0 0.0008 0.0977 - 0.0074 0.0012 

Al 0.0023 0.0119- 0.0041 

C 0.0038 0.0002 0.0015 0.0019 

Co 0.0038 0.0033 0.0175 - 0.0074 

Cr 0.9069 0.1302 0.3784 0.4680 

Cu -. 0.0013 0.0068 0.0023 

Fe 3.2208 0.1889 0.5649 1.3982

Mn 0.0954 0.0026 .0.0259 0.0446 

Nb 0.0033 0.0170 - 0.0058 

N 0.0048 -'-0.0006 0.0020 

Ni 0.4970 0.2646 1.2610 0.6157 

P 0.0021 0.0003 0.0009 

S 0.0014 - -0.0004 0.0007 

"Si . 0.0358 0.0013 0.0114 -- 0.0173 

"-Sn - 0.0111 1.3845 0.1055 . 0.0169 

Ti - - 0.0078 0.0408 0.0139 

Zr 0.6374 79.6784 . 6.0704 0.9739 

NOTE: ° Oxygen from cladding, channel, spacers, and water rod.
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Table 111-3. U02 Composition

IsotopelElement 5.5-wt% •5 U 3.5-wt%_/ 235U 
wt% in U" Mass (g) wt% In U" Mass (g) 

U235 5.5 11000 3.5 7000 
U234 0.0490 98.0837 0.0300 60.0997 
U236 0.0253- 50.6 0.0161 32.2 
U238 94.4257 188851.3163 96.4538 192907.7003

Ob 23713.3389 23707.952 

NOTES: 'The isotopic composition for the enriched uranium is calculated according to the equations provided in 
Bowman et al. 1995 (see Section 5.2).  b Oxygen mass is the molecular mass for oxygen times the number of U02 moles in 200kg U02 .  

Table 111-4. Atomic Density by Element in the Active Fuel Region 

Element/ Nuclide IDa Atomic Massb 5.5-wt% 23SU 3.5-wt% 2-5U 
Isotope (g) Mass Atomic Density Mass Atomic Density 

(g) (atomslbicm) (g) (atomslb.cm) 
0 8000.50c 15.9994 23811.109 1.2844E-02 23805.681 1.2841E-02 
Al 13027.50c 26.981538 2.3 7.3565E-07 2.3 7.3565E-07 
C 6000.50c 12.0107 0.2- 1.4370E-07 0.2 1.4370E-07 

Co 27059.50c 58.9332 3.3 4.8324E-07- 3.3 4.8324E-07 
Cr 24000.50c 51.9961 130.2 2.1610E-05 130.2 2.1610E-05 
Cu 29000.50c 63.546 1.3 1.7655E-07 1.3 1.7655E-07 
Fe 26000.50c 55.845 .188.9 2.9191E-05 188.9 2.9191E-05 
Mn 25055.50c 54.938049 2.6 4.0842E-07 2.6 4.0842E-07 
Nb 41093.50c 92.90638 3.3 3.0653E-07 3.3 3.0653E-07 
N 7014.50c 14.00674 -0 0.0000E+00 0 0.OOOOE+00 
Ni 28000.50c 58.6934 264.6 3.8905E-05 264.6 3.8905E-05 
P 15031.50c 30.973761 0 0.OOOOE+00 0 0.0000E+00 
S 16000.60c 32.066 0 O.0000E+00 0 O.0000E+00 
Si 14000.50c 28.0855 1.3 3.9946E-07 1.3 3.9946E-07 
Sn 50000.35c 118.71 1384.5 1.0065E-04 1384.5 1.0065E-04 
Ti 22000.50c 47.867 • 7.8 1.4063E-06 7.8 1.4063E-06 
Zr 40000.60c 91.224 79678.4 7.5377E-03 79678.4 7.5377E-03 

2MU 92234.50c 234.040945- 98.083672 3.6167E-06 60.099687 2.2161E-06 
=U 92235.50c 235.043922 11000 4.0388E-04 7000 2.5701 E-04 

2WU 92236.50c 236.045561 50.6 1.8500E-06 32.2 1.1772E-06 
238U 92238.50c 238.050785 188851.32 6.8463E-03 192907.7 6.9934E-03 

Total 2.7831 E-02 2.7827E-02 
SOURCE: Briesmeister 1997, Appendix G.  

b Parrington et al. 1996.  
NOTE: Nuclide identifier in the MCNP neutron data tables. The identifier for each element in the MCNP photon data tables is ZZZOO0.01p, where ZZZ is the atomic number (Briesmeister 1997, pages 2-16 through 2-22).

I
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I
Table 111-5. Atomic Density by Element in the Hardware Regions 

lement) Nuclide ID" Atomic Bottom-End Fitting Plenum Top-End Fitting 
Isotope Massb (g) Mass Atomic Mass Atomic Mass Atomic 

(g) Density (g) Density (g) Density 
(atomslb.cm) (atomslb.cm) (atomslb.cm) 

O 8000.50c 15.9994 0.8 8.4141E-06 7.4 5.1137E-05 1.2 1.0622E-05 

Al 13027.50c 26.981538 0.0 0.OOOOE+00 11.9 4.8762E-05 4.1 2.1520E-05 

C 6000.50c 12.0107 3.8 5.3240E-05 1.5 - 1.3808E-05 1.9 2.2403E-05 

Co 27059.50c 58.9332 '3.8 1.0850E-05, 17.5 3.2831E-05 7.4 1.7783E-05 

Cr 24000.50c 51.9961 906.9 2.9350E-03 378.4 8.0461E-04 468.0 1.2747E-03 

Cu 29000.50c 63.546 0.0 0.OOOOE+00 6.8 1.1831E-05 2.3 5.1258E-06 

Fe 26000.50c 55.845 3220.8 9.7051E-03 564.9 1.1184E-03 1398.2 3.5458E-03 

Mn 25055.50c 54.938049 95.4 2.9221E-04 25.9 5.2123E-05 44.6 1.1497E-04 

Nb 41093.50c 92.90638 0.0 0.OOOOE+00 17.0 2.0231E-05 5.8 8.8411E-06 

N 7014.50c 14.00674 4.8 5.7667E-05 0.6 4.7361E-06 2.0 2.0222E-05 

Ni 28000.50c 58.6934 497.0 1.4249E-03 1261.0 2.3754E-03 615.7 1.4856E-03 

P 15031.50c 30.973761 2.1 1.1409E-05 0.3 1.0709E-06 0.9- 4.1150E-06 

S 16000.60c 32.066 1.4 7.3469E-06 0.4 1.3792E-06 0.7 3.0916E-06 

Si 14000.50c 28.0855 35.8 2.1450E-04 11.4 4.4877E-05 17.3 8.7234E-05 
Sn 50000.35c 118.71 11.1 1.5735E-05 105.5 9.8258E-05 -16.9 '2.0162E-05 

Ti 22000.50c 47.867 0.0 0.OOOOE+00 40.8 9.4239E-05 13.9 4.1125E-05 

Zr 40000.60c 91.224 637.4 1.1758E-03 6070.4 7.3572E-03 973.9 1.5119E-03 

Total 1.5912E-02 '1.2131E-02 8.1952E-03 

SOURCE: a Briesmeister 1997, Appendix G.  
b Parrington et al. 1996.  

NOTE: Nuclide identifier in the MCNP neutron data tables. The identifier for each element in the MCNP photon data 
tables is ZZZOO.01p, where ZZZ is the atomic number (Briesmeister 1997, pages 2-16 through 2-22).
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This attachment presents the calculations of total neutron and gamma intensities and gamma source 
region fractions.  

1. Bounding BWR SNF: Gamma Sources 

Total intensity per assembly (photons/s) = Peaking factor * Gamma intensity in the fuel region 
(photonsfs) + Gamma intensity in the bottom end-fitting region (photons/s) + Gamma intensity in 
the plenum region (photons/s) + Gammra intensity in the top end-fitting region (photons/s) = 1.4 * 
3.5931E+15 + 5.9929E+12 + 3.0618E+13 + 7.2123E+12 = 5.0741E+15 

Total intensity per WP (photons/s) = 44 * Total intensity per assembly (photons/s) = 44 * 
5.0741E+15 = 2.2326E+17 

Intensity fraction for each assembly region to be entered on the sp (source probability) card = 
Gamma source intensity for each assembly region in the WP / Total intensity per WP.  

Intensity fraction for the active fuel region = 44 * 1.4 *3.5931E+15 /2.2326E+17 = 9.9136E-01 
Intensity fraction for the bottom'end-fitting region = 44 * 5.9929E+12 / 2.2326E+17 = 1.181 IE-03 
Intensity fraction for the plenum region = 44 * 3.0618E+13 / 2.2326E+17 = 6.0341E-03 
Intensity fraction for the top end-fitting region = 44 * 7.2123E+12 / 2.2326E+17 = 1.4214E-03 

2. Hypothetical BWR SNF: Hardware and Active Fuel Region Gamma Sources 

Total intensity per assembly (photons/s) = Peaking factor * Gamma intensity in the fuel region 
(photons/s) + Gamma intensity in the bottom end-fitting region (photons/s) + Gamma intensity in 
the plenum region (photons/s) + Gamma intensity in the top end-fitting region (photons/s) = 1.4 * 
3.5931E+15 + 9.2934E+12 + 4.9784E+13 + 1.1088E+13 = 5.1005E+15 

Total intensity per WP (photons/s) = 44 * Total intensity per assembly (photons/s) 44 * 
5.1005E+15 = 2.2442E+17 

Intensity fraction for each assembly region to be entered on the sp (source probability) card = 
Gamma source intensity for each assembly region in the WP / Total intensity per WP.  

Intensity fraction for the active fuel region = 44 * 1.4 *3.5931E+1 5 / 2.2442E+17 = 9.8624E-01 
Intensity fraction for the bottom end-fitting region= 44 * 9.2934E+12/2.2442E+17= 1.8221E-03 
Intensity fraction for the plenum region = 44 * 4.9784E+13 / 2.8009E+17 = 9.7606E-03 
Intensity fraction for the top end-fitting region = 44 * 1.1088E+13 / 2.2442E+17 = 2.1738E-03 

3. Bounding BWR SNF: Neutron Source 

Total intensity per WP (neutrons/s) = 44 * Peaking factor * Total intensity per active fuel region 
(neutrons/s) = 44 * 1.4 * 4.7166E+08 = 2.9054E+10
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4. Average BWR SNF: Gamma Source 

Total intensity per assembly (photons/s) Peaking factor * Gamma-intensity in the fuel region 
(photons/s) + Gamma intensity in the bottom end-fitting region (photons/s) + Gamma intensity in 
the plenum region (photons/s) + Gamma intensity in the top end-fitting region (photons/s) = 1.4 * 

8.5786E+14 + 5.7546E+l 1 + 2.6224E+12 + 6.8324E+I 1 = 1.2049E+15 

Total intensity per WP (photons/s) = 44 * Total intensity per assembly (photoxis/s) ='44 * 

1.2049E+15 = 5.3015E+16 

Intensity fraction for each assembly region to be entered on the sp (source probability) card 
Gamma source intensity for each assembly region in the WP / Total intensity per WP.  

Intensity fraction for the active fuel region = 44 * 1.4 * 8.5786E+14 I 5.3015E+16 = 9.9678E-01 
Intensity fraction for the bottom end-fitting region = 44 * 5.7546E+1 I / 5.3015E+l 6 = 4.7760E-04 
Intensity fraction for the plenum region = 44 * 2.6224E+12 / 5.3015E+1 6 = 2.1765E-03 
Intensity fraction for the top end-fitting region 44 * 6.8324E+I 1/ 5.3 015E+16 = 5.6706E-04 

5. Average BWR SNF: Neutron Source 

Total intensity per WP (neutrons/s) = 44 * Peaking factor * Total intensity per active fuel region 
(neutrons/s) = 44.* '1.4 * 4.2228E+07 = 2.6012E+09

I
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